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How to Get the Most From Your Annual 


This third in our series of Product Engineering HAND- 
BOOK issues, like its predecessors, contains a wealth of in- 
formation that will be useful to you for many years to come. 
Together with the HANDBOOK issues for 1953 and 1954, 
this year's issue will serve you best if you keep it readily 
accessible. It has been published with the intent that it 
should encourage frequent usage. We have made it more 
sturdy physically than other issues, and its thumb indexing, 
subject arrangement, special sewn binding, and other ex- 
clusive features are all designed to facilitate your quick 
and rewarding reference to its more than 850 editorial and 
advertising pages. 


In the editorial pages of each of the ten sections you 
will find articles on the most significant design engineering 
developments of the past year. They are supplemented by 
helpful advertising pages to bring you specific information 
on a wide range of materials, parts, components and finishes 
that can help you to convert your best design thinking into 
the best possible products for your company to manufacture 
and sell. 


New and Old Features Combine to Make 


This HANDBOOK What YOU Want 
As you first thumb through this 1955 issue, you will find 
many features in common with its predecessors, and quite a 
few new ones. The features we have retained, and the new 
ones we have added, have largely been dictated by Product 
Engineering's readers, in the several thousand letters you 
have written after you received last year's issue. 


You will be particularly pleased, we know, that the thumb 
indexing first introduced last year as an experiment has been 
retained by almost unanimous demand. Here, also, are such 
other "best liked" features as detailed indexes to both the 
editorial and advertising pages; an expanded "Developments 
to Watch" round-up at the end of each of the HAND- 
BOOK's 10 sections; handy cards on which you can easily 
write for further information about any advertised product; 
an every-section listing of those new and outstanding tech- 
nical books which can best supplement the HANDBOOK's 
invaluable data. 


Many Information Sources 


Contribute to This HANDBOOK 
On pages 2 and 3, we gratefully acknowledge the co- 
operation of the many outstanding technical publications 
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and Engineering Societies which have made their reports 
on significant design-engineering developments available 
for inclusion in this HANDBOOK. In this respect, you will 
be interested to know that over 50 per cent of this issue's 
editorial pages represent a careful condensation of informa- 
tion published during the past year in engineering society 
papers, and in magazines other than Product Engineering. 
The balance of our editorial pages represent completely 
new material never before published and written expressly 
for this HANDBOOK, or have been condensed from the 
past year's regular issues of Product Engineering. Thus, this 
HANDBOOK is what its name implies it should be: a 
volume which puts at your fingertips data gathered from 
many highly qualified sources . so that you can have 
immediate access to essential information which would 
otherwise be available to you only if you had thousands of 
hours available in which to look for it. 


The Personal Touch 


Throughout the year, Product Engineering’s editors have 
personally contacted leading centers of design-engineering 
progress throughout the United States, to make sure no 
important data were overlooked in editing this HAND- 
BOOK. They have covered the United States and Canada 
from coast to coast, and no important meetings of our Engi- 
neering Societies have failed to see one or more Product 
Engineering editors on hand, searching for the kind of 
facts which qualify as HANDBOOK material. In addition, 
all the facilities of McGraw-Hill's world-wide editorial re- 
sources are continuously alerted to furnish us with facts 
and information on significant design-engineering contribu- 
tions from other countries. À good example of what these 
world-wide contacts contribute will be found in this issue's 
exclusive charts on the design of Belleville Springs. These 
come to us from Germany, are characterized by the German 
touch for meticulous accuracy and high engineering com- 
petence, and represent the most comprehensive information 
on this subject which has yet been published in any Ameri- 
can publication. 


Guideposts to HANDBOOK Use 


Because of the amount and diversity of information con- 
tained in these pages, indexes and other assists to their most 
efficient use become particularly important. We call your 
special attention, therefore, to the following HANDBOOK 
features: 
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Handbook of Product Design for 1955 


Article index Page 6 


A composite guide to the feature articles in 
each of the 1955 HANDBOOK'’s 10 sections. 


Subject index, editorial Page 8 
This index gives you, by subject, a detailed 
reference to all editorial data in this issue. Use 
this index when you are interested in quick 
facts on any specific design-engineering devel- 
opments or products. 


Cumulative editorial index Page 10 
A consolidated index to the editorial pages of 
the Annual HANDBOOKS of Product Design 
for 1953 and 1954. This index is particularly 
valuable to you in coordinating the wide range 
of data available in all three HANDBOOKS 
published to date. If you do not find what you 
are looking for in the 1955 HANDBOOK, 
please be sure to refer to this index of previous 


HANDBOOK. issues. 


Product index Page 14 
Here, by type of product, you will find a quick 
guide to the advertising pages of this issue. 
Use it when you want to refer to all advertising 
for a particular group of products in which you 
are interested. 

Alphabetical index to advertisers Page 18 

When you are interested in the products of a 

specific original equipment manufacturer, this 

index will tell you where to find the advertising 
of this company. 


More Facts Are Easy to Get 


Both the editorial and advertising pages of this HAND- 
BOOK will repeatedly suggest additional data you will want, 
and the postcards following page 24 make it easy for you 
to ask for, and promptly get, this additional information. 
Use these cards to ask for additional data on: 


Any products featured in the advertising pages, 
and copies of any catalogs and new-product 
bulletins listed and briefly described in the edi- 
torial pages of each of this issue's 10 sections. 
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Over 50,000 requests for such information have already 
been processed by our Reader Service Department, as the 
result of requests for additional information about products 
advertised or editorially described in previous HAND- 
BOOK issues. This Reader Service Department exists for 
the sole purpose of serving you, and making it easy for you 
to get the facts you want. Advertisers in this HANDBOOK 


welcome the opportunity of giving you additional facts 
and data about their products or services. 


Your Ideas and Suggestions Are Welcome 


In conclusion, then, may I join Products Engineering's 
editors in expressing the hope that this HANDBOOK issue 
for 1955 will serve you efficiently and profitably for years 
to come. Into it we have put the best thinking and work of 
an outstanding editorial staff. We particularly hope you will 
recognize the increased value of this HANDBOOK to you 
when it is used in conjunction with other issues of Product 
Engineering. 


Many additional Annual Product Engineering HAND- 
BOOK issues such as this are in store for you in the years 
ahead. I urge you to keep this one, along with the 1953 and 
1954 HANDBOOKS, in your permanent files. They will 


save you hours of searching for the information you want 


Let us, also, have your suggestions and ideas on how we 
can make future issues even more useful to you. Many of 
the new features of this issue are the result of constructive 
suggestions from you. Other ideas you offered that require 
intensive editorial study and preparation are in work for 
next year's issue. The entire Product Engineering editorial 
staff cooperates throughout the year with the editor of this 
issue to bring you the facts on significant developments in 
the field of product design. Your ideas and suggestions 
will help us do a better job for you. 


Op 


Publisher 
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EDITORIAL SUBJECT INDEX 
1955 HANDBOOK 


G 
Adhesive bonded joints 
AISI 403 steel, thermal conductivity 
Aluminum 
14S, thermal conductivity 
24S, thermal conductivity 
355, thermal conductivity 
allowable compressive stress 
butt joints, welded 
electroplates for 
stud welding 
welded by shielded arc 
American Standards 
plain washers 
small solid rivets 
Amplifiers, large rotating 
Anacom, analog computer A 4 
Analog computing systems I 5 
Arc-welding 
aluminum alloy plates B 7 
shielded-tungsten D 8 
Aspects of design A 20 
ASTM system for specifying cellular 
rubber compounds 


des 
Ball bearings, load and life chart 
Ball detent clutch 
Bearing failure mechanisms 
Bearings 
greases for motors 
jewel 
load analysis with polar diagrams 
roller, load and life 
Belleville spring nomogram. .F 29, 
Belt drives 
mechanism for adjusting tension 
toothed 
Belts 
rubber transmission E 
Timing E 14 


( Timing) 


Bend radii for magnesium alloy sheet D 3 
Bolted joints, fatigue resistance F 44 
Bonded rubber-to-metal joints G 27 
Brass, thermal conductivity B 15 
Break-even charts A 25 
Bridgman closure ] 30 
Bright nickel plating 
—(.— 

Calculation of G loading 
Calculator 

card programmed 

drum 

number systems 
Cam and roller clutch 
Cams, constant torque power 
Capacitor commutator tachometers 
Carbon, effect of in ferrous alloys 
Carbon steels 

stud welding process 

welded by shielded arc 
Cast iron 

effect of carbon on 

gray 

malleable 

nodular 

porcelain enameling 

welded by shielded arc 
Castings, shell molded stainless steel D 22 


Causes of bearing failure 
Cellular rubber 21 
Chemical resistant plastics 
Chrome nickel alloys, stud welding 
Chromium 
electroplates for aluminum 
plating solutions 
Circuits 
electronic 
pneumatic cylinders 
rectifiers 
rotating amplifiers 
Clutches 
mechanical types 
small for precise service 
Combustion chamber shape 
Computers 
a-c analog 
d-c analog 
automatic 
analog 
digital 
Computing system, analog 
Conductivity, thermal 
AISI 403 
aluminum 
alloy 14S 
alloy 24S 
alloy 355 
brass 
Inconel X 
molybdenum disilicide 
N-155 (low C) alloy 
Nimonic 80 alloy 
Refractaloy 26 
S816 alloy 
silver 
stainless steel 
X-40 alloy 
Constant torque power cams 


C 7 
D 19 


Control of double acting pneumatic 
cylinders ] 6 
Controllers, pneumatic J 10 
Controlling heavy loads with 
amplifiers I 19 
Copper, welded by shielded arc D 10 
Copper nickel alloys, stud welding . D 19 
Corrosion resistance of electroplated 
aluminum 
Corrosion resistant metals and alloys, 
Directory of producers B 19 
Cost of research, control of A 9 
Critical speed of shafts 
multiple span A 7 
end supported F 28 


avisa 

Delta gasket J 33 
Devices, pneumatic J 10 
Die cast parts, ways to attach G 16 
Die casting, change-over design tips D 12 
Diesel engine performance improved 

by experimentation H 20 
Differential transformer I 17 
Directory of Trade Names for corro- 

sion resistant metals and alloys . B 19 
Displacement measuring transducers. I 15 
Drawing of Magnesium sheet D 5 
Drop hammer forming magnesium 


sheet D 7 


Dynamics of spring motion 


idi. 
Effect of combustion chamber shape H 
Electric heating elements I 
Electro-mechanical position 
transducers 
Electronic circuits for inspection and 
control 
Electroplates for aluminum 
chromium 
nickel 
End supported shafts, critical speeds. . F 
Engines 
combustion chamber shape H 16 
Diesel engine performance H 20 
matching to torque converter E 4 
Examination of failed bearing 
Expanded rubber 


Os 
Factors of safety in tolerance 
specifications 

Failure of sleeve bearings 
Fastening die cast parts 
Fatigue strength 

bolted joints 

flush-riveted joints 

welded aluminum butt joints 
Ferrous alloys 

carburization 3 

decarburization 3 

effect of carbon 2 
Fillet clearance for end welded studs D 19 
Foam rubber Ç 11 
F 19 
Forming magnesium sheet D 2 
F 19 
E 22 
G 9 


Force analysis for cams 


Friction analysis for cams 
Friction variable speed drives 
Fundamentals of selecting locknuts 
— 
G loading calculator 
Gasketless lap joints 
Gaskets 
cellular rubber 
high static pressure 
Gears 
design data from sample gears 
spiral, graphical solution 
Gears fiber cushioning, damping 
characteristics 
Graphical determination of stresses 
defining unstable conditions 
Graphical solution of a spiral gear 
problem 
Graphical symbols for hydraulic 
circuits 
Greases for electric motors 


— 
Heating elements, electric 
High temperature data 
molybdenum 
Horsepower capacity 
rubber belts 11 
Timing belts 17 
Hydraulic servo design 
Hydraulic standards, J.I.C. J 15 


diio 


Immersion heaters 24 
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Inconel X 
thermal conductivity B 12 
welded by shielded arc D 10 
Indices for chemical resistant plastics C 7 
Intermittent drive mechanisms F 42 


-—J-- 
Jewel bearings 
J.LC. hydraulic standards 
Joints 
adhesive bonded 
flush-riveted 
fatigue tests 
static tests 
gaskets for high static pressure 
latches 
rubber-to-metal bonded 


Ea 


Large rotating amplifiers 

Latches, screw-type 

Lens ring gasket 

Locating end weld studs 

Locknuts, fundamentals of selecting 

Lubrication, greases for electric 
motors 


Vlll. 
Magnesium 
allowable compressive stress 
forming methods 
welded by shielded arc 
Mass inductance electrical analog 
Mechanisms 
adjusting belt tension 
special purpose 
Mercury gland clutch 
Metal preparation for porcelain 
enameling 
Molded plastic parts, design 
fundamentals € 
Molybdenum disilicide, thermal 
conductivity B 
Molybdenum and molybdenum base 
alloys, high temperature data 
Motors, electric 
greases H 
overload relay protection H 
Mountings for jewel bearings F 2 
Movable-anode tube gages surface 
roughness 


B 26 


1 


— Bo. 
N-155 (low C) alloy, thermal 
conductivity 
Nickel 
electroplate for aluminum 
plating solutions 
welded by shielded arc 
Nickel plate, effect of surface shape 
on distribution C 20 
Nimonic 
thermal conductivity 
welded by shielded arc D 10 
Nodular cast iron B 4 
Nomogram, Belleville spring design F 30a 
Number systems for computers A 5 
Numbering systems 
mnemonic 
serial 
universal decimal 


diio 


B 13 


A 17 
A 16 
A 19 


O-rings G 25, J 32 
Overload relays for motor protection. .H 2 
Overload relief clutch E 27 


x dll HY 
Pawl and ratchet clutch E 25, E 26 
Performance of torque converters E 3 
Pinner nickel plating C 4 
Planetary transmission clutch. E 24, E 25 
Plastic parts 
assembly methods > 19 
inserts "E y, 
laminated stock ` 18 
molded he 
Plastics, indices for chemical 
resistant 
Pneumatic 
controllers and devices 
cylinders, double acting 
operators, basic principles 
predicting pressure drop 
Polar diagram for bearing load 
analysis 
Porcelain enameling, design for 
Position transducers, electro- 
mechanical 
Power cams, constant torque 
Pressure drop in pneumatic 
components 
Project planning 
approach to 
Protecting motors from overloads 
Pulleys, for 
rubber belt 
Timing belts 


velia 


Rectifiers, selenium 
Refractaloy 26, thermal 
conductivity 
Regulators, temperatures 
Relays, overload for motor protection 
bimetallic thermal 
magnetic 
melting alloy type 
Rivets, small solid, American 
Standard G 
Roller and cone drive E 
Roller and disk drive E 
Roller bearings, load and life chart. E 
Rotating amplifiers I 
Rubber 
ASTM specification. system C 
belts E 
cellular C. 1 
to-metal joints G 27 
Rubber die forming magnesium sheet D 4 


H 8 
H5,H8 
ao 


— 


Screw-type latches 
Sealing heads of vessels 
Selecting locknuts 
Selenium rectifiers 
Servo design, hydraulic 
Shaft mounted speed reducers 
Shafts 

end supported, critical speeds 

hollow-steel, strength-weight ratios 
Sheet iron for porcelain enameling 
Shell molding stainless steel 
Silver, thermal conductivity 
Simulators 
Sleeve bearing failures 
Sliding key clutch 
Solid die forming of magnesium sheet D 
Special purpose mechanisms 
Speed reducers, shaft mounted 
Spinning magnesium sheet 
Sponge rubber 
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Springs 
Belleville F 29, F 30a 
dynamics of motion F 
rectangular wire F 
Stainless steel 
shell molded 
thermal conductivity 
welded by shielded arc 
Standards, American 
plain washers 
small solid rivets 
Standards, J.I.C. Hydraulic 
Starting service factors for common 
motors 
Static tests of flush-riveted joints 
Steels, properties of 
annealed 
quenched 
Strength of end welded studs 
Strength-weight ratios of hollow steel 
shafts E 
Stresses defining unstable conditions F 3 
Strip heaters I 
Stud welding D 
Surface roughness gaged with 
moveable-anode tube 
Surface shape, effect on distribution 
of nickel plate C 20 
Symbols for hydraulic circuits J 18 
Synchro systems I 16 


—— 


Tachometer, capacitor commutator 
Temperature regulators F 
Temperatures for forming magnesium 
alloys D 2 
Tensile strength and hardness of 
carbon steels B 
Tension devices for belt drives E 12 
Titanium, welded by shielded arc . .D 11 
Tolerance conversion chart F 11 
Tolerances 
cellular rubber products C 14 
die castings D 13 
specifications F 6 
Torque converters, selecting an 
engine to match 
Torsional vibration analog 
Transducers 
displacement measuring 
position, electro-mechanical 
Transformer, differential 
Tubes for inspection and control 


oos 


Variable speed drives 

friction 

mechanical and electrical 
Vibration 

eccentric centers of gravity 

glass fiber cushioning, damping 

characteristics 
torsional 
turbine blade 


—— 


Washers, American Standard 
Wave ring gasket 
Ways to attach die cast parts 
Welded joints, aluminum, fatigue 
strength of 

Welding 

arc, shielded-tungsten 

stud 
Wrapped spring clutch 





EDITORIAL SUBJECT INDEX 
1953 and 1954 HANDBOOKS 


— 


Accelerometers 
self-generating 
strain gage 
Accumulators, hydraulic 
Acrylic finishes 
Acrylic plastics 
Adhesives 
Air-cooled engines 
Air Force instruction manuals 
Air-lubricated bearings 
Air motors 
Alkyd resin finishes 
Alloys 
heat-resistant 
brazing 
casting 
high temperature 
known types 
metal refractory 
wrought and precision cast 
for high temperature 
see also specific metals 
Aluminum 
alloys 
brazing 


casting t D 20, 


forging 
paper-thin 
powder 
spot welding of 
welding 
as a material base 
cold welding of 
honeycomb 
magnesium-zinc alloys 
sheets, comparison with 
titanium 
spot-welded 
Amplifiers 
magnetic 
power 
voltage 
Arc-casting, molybdenum 
Argon, radioisotopic 
Army instruction manuals 


—B- 


Bar slides, round, for machines 
Bearings 

air-lubricated 

axial thrust 

ball, lubrication 3 C 

effect of dirty oil on 

nylon parts for 

retaining, design of 

roller 

self-lubricated 


10 


Bellows, metallic 
Bismuth 
metal 
powdered 
Boron steels 
Boundary layer, hydrodynamic 
design 
Brakes 
air-actuated 
electronic motor 
fluid coupling 
magnetic 
Brass, tolerance for stampings 
Brazing 
recommended temperatures 
service requirements for 
Break even charts 
Bridge circuits, amplification 
Brinell hardness of steel 
Bronze, powdered 
Brushes, collector, copper 
graphite 
Butadiene-styrene plastics 
Butt welding 
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able-pulley systems 
alipering, with differential 
transformer 
‘apacitors 
tantalytic 
types of 
ams, cycloidal 
arbon, radioisotopic 
Carburizing 
steels 
ase hardenable boron steels 
asting 
comparison of methods D 21 
asting 
die 
commercial tolerances , D 20 
gear >D 6 
inserts in ` G 16 
investment 3D 6,3 B 16 
gear 4 D6 
high temperature alloy > B 16 
precision íi D 3 
alloys, high temperature 3 B 16 
gear y a#l 6 
tolerances I Dá 
athode ray tubes i 114, 4 I 16 
Cellulose adhesives ) € 7 
Ceramel coatings, porcelain ) C 10 
Ceramels 
metal-ceramic alloys š 21 
powdered 24 
Ceramics, properties of 4 C 26 
Chains, elongation of 18 
Chlorine, radioisotopic í 16 


Prefix numeral 3 before Section letter indicates 1953 Handbook; 


the prefix numeral 4 before Section letter indicates 1954 Handbook. 


Chromium 
alloys 
alumina 
casting 
high temperature 
stainless steels 
metal 
Circuits 
accumulator, hydraulic 
differential transformer 
electronic 
hydraulic. 3 J 22, 
multiple pressure 
magnetic amplifier 
transducer 
Circular monogram 
Clutches 
air-actuated 
fluid 
magnetic particle 
3 BE 31,3 H 
Coatings 
fluorocarbon 
inorganic for metals 2 
magnesium, HAE 3 
neoprene , 24 
organic barrier & 13 
organic for metals 3606 
porcelain enamel 3 C 10 
synthetic 4; 12 
Coatings (see also Finishes ) 
Cobalt 
metal í B 20 
powdered í B 31 
Cold drawn gears 3 D 8 
Cold extrusion of metals í D 30 
lubrication í D 32 
Color matcher, tristimulus 3 I 32 
Commercial instruction manuals 4 A 7 
Components, powdered í B 28 
Composite metals í C 26 
Compression springs í F 
Computer, components, 
differential 
Condenser systems, measuring 
device 
Connection, pressure type 
Control devices 
differential transformers 
magnetic amplifiers 
switches, snap-action 
torque motors 
transducer circuits 
Controllers 
contactor ty pes 
motor 
electronic 
servo 4H 13, 4 
servo motor 
Control 
remote, by flexible shafts 
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servomechanism 
Copper and its alloys 
brazing 
welding 
alloys 
paper-thin 
powder 
welding 
Corrosion protection, metals 
Corrosion resistance 
aluminum, spot-welded 
metal shapes and joints 
Cost analysis 
Cost estimating 
instructions 
labor 
material 
motors and controls 
Couplings 
eddy current 
fluid 
self-aligning 
shaft 
splined 
Curve analysis 
Cycloidal cam 
Cylinders, hydraulic 


T »»»,^*900009w oo X 


vals. 


De Boer-process zirconium, 
characteristics 
Deflection, rotating disk 
Design changes 
control of engineering 
Die casting 
see Casting, die 
Differentials, gearless ) E2 
Differential transformer applications 
31 16 3 1 29, 4 H 18 
Differentiation, graphical 3 F 20 
Direct current motors í H 12 
Disks, rotating, deflection of 3 F 7 
Drafting, simplified iA 10 
Drawing vs spinning, unit 
costs 
Drives 
flexible shaft 
fluid coupling 
friction wheel 
Geneva 
hydraulic 
motor 
all-electric 
mechanical 
servomechanism 
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Elastomers 
neoprene 
organic barrier 
rubber, natural and 
synthetic 
silicone 
Electric switches 
Electric symbols and standards 
Electronic circuits 
Electron tubes, reliability 
Embedability rating of bearing 
material Í 
Enclosures, motor 12 
Engineering department 
change notices 13 
contact with factory 13 
improving operation of ; 16 
Engines, air-cooled Í 32 


Engine speed governors 
see Speed governors 
Epoxy plastics 
Equivalent moment of inertia 
Error measuring devices 
Estimating, cost 
Ethyl cellulose plastics 
extrusion of 
foamed 
molded, properties of 
Exon plastics 


ndis 


Fastening and joining methods 
brazing 
pressure connecting 
riveting 
twisting 
welding 
Fasteners, proposed unified 
aircraft 
Fatigue strength 
shotpeened gears 
spot-welded aluminum 
titanium and its alloys 
Feedback 
magnetic amplifier 
servomechanism 
Ferrous base metal composites 
Ferrous metals, paper-thin 
Filters, porous 
Finishes 
HAE, for magnesium 
inorganic, for metals 
organic, for metals 
synthetic 
Finishes 
see also Coatings 
Flame hardening 
Flat-wound tension springs 
Flexible shafts 
Flexure pivots 
Flowed-in gaskets 
Flow meter, gas, pressure- 
compensated 
Flow meters, liquid 
Flow rate chart 
Fluid couplings 
Fluorocarbons 
coating 
lubricant 
plastic 
Foamed 
Forgings 
design of 
large 
design problems 
cost 
Forging tolerances 
Frequency control, magnetic 
amplifier 
Frequency standard, Bureau of 
Standards 3 
Friction 
investigation with tracers 
reduction of 
wheel drives 
Furane plastics 
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plastics 
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Gaging, differential 
transformer 

Gasket materials 

Gaskets 


flowed-in 
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Gearless differentials 
Gears 
casting methods 
manufacturing processes 
molded plastic 
sheet metal 
shotpeened 
splined 
Gear train design 
Gear-type pumps 
Geneva drives 
Glass, attaching metal to 
Glass-fiber reinforced 
plastics 
Governors 
see Speed governors 
Graphical differentiation 
Gyration, radius of 


Hardenability 
boron steels 
chromium stainless steels 


Hardness 
plastics, rigid 
Hardness 
testing, steel 
Heat exchangers 
corrosion-resistant 
extended surface 
spiral 
trends in 
tubular 
Heat treatment 
alloys, high temperature 
steels 
chromium stainless 
Helical springs 
tolerances 
uses 
High pressure seals, rotating 
shaft 
High temperature 
alloys, metal refractory 
bearings, roller 
coatings, porcelain enamel 
elastomers, Neoprene 
metals, molybdenum 
Honeycomb, aluminum 
Hydraulic accumulator 
applications 
Hydraulic circuits 
multiple pressure 
pressure surges in 
Hydraulic cylinders 
piston synchronization 
sequential operation of 
Hydraulic fluids 


Hydraulic machines, safety devices 
á J 19, 4 J 20, 4) 


Hydraulic torque convertors 
Hydrodynamic design 
Hydrogen, radioisotopic 


Impact resistance 
ethyl cellulose 
plastics 
Induction hardening 
Industrial electron tubes 
Inertia, rotational, calculation 
of 
Injection molding of gears 
Inserts, molded and cast parts 





Instruction manua 
commercial 
Air Force 
Army 
Navy 
Insulation 
electrical 
foamed plastic 
mica paper 
rigid plastic 
rubber 
thermal 
plastic 
properties of 
Interlocks 
electric 
hydraulic 
Investment casting 
see Casting, investment 
Iodine, radioisotopic 
Iron 
metal 
powder 
see also Ferrous 


--]— 
JIC Standards 


Joints 
aluminum, spot-welded 
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3 G 18, 3 G 24 


corrosion-resistant design 

gasket material for 

metal, wire-stitched 

riveted, design of 

silver-brazed nickel alloy 
Jominy specimens, boron steel 


— 


Kel-f plastic 
Kroll-process zirconium charac- 
teristics 


— 


Lacquers 
Lead 
alloys, welding 
metal 
Lead-clad metals 
Linings, organic barrier 
Linkages 
low-friction design 
toggle 
Liquid flow meters 
Lubricants 
air, for bearings 
fluorocarbon 
silicone 
Lubrication 
ball bearing 
measuring effect of 
roller bearing 


3 C 31, 


— 


Magnesium 
alloys 
brazing 
high temperature 
welding 


3 G 10 


3 F 16 


3 G 12 


4G8 


3G 14 


3 B2 


Magnetic brakes 
Magnetic particle clutches 
Manufacturers, hydraulic 
pump 
Mastics, organic barrier 
Material cost estimating 
Metal finishes 
see Finishes 
Metallic bellows 
Metal powder parts, hot 
pressing of 
Metals 
and alloys, applications 
of 
attaching glass to 
cold extrusion of 
composite 
corrosion-protection of 
known types 
paper-thin 
powdered 
radioisotopic 
wire stitching of 
see also specific metals 
Metal-refractory alloys 
Mica paper 
Molded parts, inserts in 
Molded plastic gears 
Molybdenum 
alloys, high temperature 
3 B 20, 
powder 
Moment of inertia 
Motors 
aif 
electric 
alternating current 
3H 2, 
cost 
direct current 
3 H 2, 
NEMA standards 
polyphase 
servo 
small 
squirrel cage 
torque 
universal 
wound rotor 
controllers 3 H 8, 
magnetic amplifier 
application 
friction 


3 H 25, 


4H 13, 


drives, 


—— 


Neidhart springs 
NEMA standards 
integral hp motors 
torque motor 
Neoprene 
Nickel 
alloys 
brazing 
silver-brazing 
welding 
metal 
paper-thin 
Nitriding 
Nitrile rubber 
N-mesh connection, gear 


3 G 14, 
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4 C 16 
4A4 
4 F 
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flow rate 
helical springs, tolerance 
vibration 
Nylon 
ball bearing patts 
gears 
molding of 
powdered 
sintered 


lis 


Organic barriers 
manufacturers 
types 
trade names 


— 


Paper-thin metals 
Patent law 
Patents 
Phenolic plastics 
Phenolic drying oil plastics 
Phosphorus, radioisotopic 
Photocell output 
amplification 
Pivots, flexure 
Plastics 
glass-fiber reinforced 
properties of rigid 
see also specific types and 
trade names 
Polyethylene plastics 
Potentiometer, precision, as 
voltage divider 
Power amplifiers 
Powdered metals 
molding 
products 
Pneumatic standards 
Polyphase motor 
Porcelain enamel coatings 
Porous components 
Precision casting 
see Casting, precision 
Press, forging, capacity 
Pressure measurement 
differential transformer 
3 Í 
transducer circuits 
Pressure surges 
hydraulic 
suppression of 
Pressure transmitters 
Pressure type connections 


Production, controlling design 


changes 
Projection welding 
Pumps, hydraulic 
fluid for 


manufacturers of 
— 


Radioisotopes, application of 
Radius of gyration 

Radon, radioisotopic 

Rare metals, composite 
Ratchets, sheet metal 
Reactors, saturable core 
Rectification transformation 
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metal 3 C 33, 4 
sheets, comparison with 
titanium 
tolerance for stamping 
Magnetic amplifiers 


-— 


trains 
Nomograms 
circular 
deflections, rotating disks 
flat-wound tension springs 


Rectifier circuits ..3 I 3, 3 I 6, 
Relays, magnetic amplifiers 

Resin, synthetic, base coatings 3 C 8 
Resins, silicone 3 C 33 
Resistance welding 4 G 23 
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Ring grooves, axial rhrust 
bearings 

Riveted joint design 
Rivets, small 
Rockwell hardness of steel 
Roller bearings 
Round bar slides for machines 
Rubber 

adhesives 

butyl 

chlorinated 

finishes 

gaskets 

natural 

neoprene 

nitrile 

parts design 

springs 
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Sprockets, sheet metal 
Squirrel cage motors 
Stampings 
design of 
metal 
Standards 
electrical 
Standards 
NEMA 
Standardization 
pneumatic 
Starch adhesives 
Steel 
aluminum-clad 
Steel 
alloys 
boron 
brazing 


= 


carbide 
high temperature 
Toggle linkages 
Torque convertors, hy- 
draulic 
Torque motors, as control 
devices 
Tracers, radioactive 
Transducers 
accelerometers 
strain gage 
circuits for control appli- 
cations 
differential transformer 
pressure transmission 
Transformers, differential 
Transistors 


Tristimulus color matcher 

Tubes, reliable electron 

Tungsten metal 

Turbojet bearings 

Twist-locking part design 
nati. 

Unified screw thread 

system 
Universal joint 
Universal motors 


thiokol 
synthetic 
Rubber-resin adhesives 


powder 

welding 
castings 
cold extrusion of 
chromium-stainless 
—s— 430, use and fabrication 
friction and wear of 
metal 
powdered 
properties of 
sheet and strip tolerance 
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Safety control, two-hand air 
Safety circuits 
electric 4& 119, 4 ) 20, 
hydraulic machine 
Screw thread system, unified stainless-clad 
3 G 2, stainless sheets 
Seais, lubrication 302 
design of 
high pressure 
nylon 
rotating shaft 
Self-aligning couplings 
Self-generating accelerometers 
Separation factor in hydro- 
dynamic design 
Servomechanism drives 
Shafts 
coupling of 
flexible 
rotating, lubrication seals 
speed measurement 
Sheet and strip tolerance 
Sheet metal 
bend charts 
parts 
Shell molding 
Shotpeening, gear 
Silicone Tantalytic capacitors 
alkyd resins Teflon plastic 
finishes Temperature measurement molybdenum 
colored thermocouples i resistance 
for metals transducers a spot 
plastics Testing programs aluminum 
products Thermocouple Joints 
rubber materials Wire stitching of metals 
Simplified drafting output amplification Work hardening, high tem- 
Speed governors temperature measurement perature alloys 
electric Thermoplastic adhesives Worms, sheet metal 
hydraulic Thermoplastic resin Wound rotor motor 
isochronous 39  Thermosetting adhesives Wrought alloys 
mechanical 38  Thermosetting resin 
Spinning vs drawing 34 Thermostat metal 4 2 —L— 
Spot welding 23 Thread, screw, unified stand- Zinc alloys 
aluminum 18 ards magnesium-zinc 
joints 24 Time constants welding 
Splined connections 10 magnetic amplifiers Zirconium 
Springs servomechanism drives : é alloys 
compression 24 Tin carbide 
flat-wound tension 14 metal machining 
helical 30 powdered metal 
metal 26 Titanium working of 


rubber 22 alloys temperature effect on 


V 


B MS Dy 


Vacuum tubes, diode and 
triode 
Vacuum system design 
Valves 
and seals, design of 
gradual closure 
rapid closure 
Vanadium metal 
Vibration nomogram 
Vickers hardness of steel 
Vinylidene chloride plastics 
Vinyl plastics 
Vinyl resins 
Viscosity, hydraulic fluids 
Voltage 
amplifiers í Í 
analysis methods 


— 


Wear, measurement of 
Welding 
cold, aluminum 
430 stainless steel 


= 


Stitching, wire, of metal 
Strain gage 
accelerometers 
transducer circuits 
Styrenated alkyd resins 
Sryrene-butadiene plastics 
Sulphur, radioisotopic 
Surface hardening processes 
Swaged housing, axial thrust 
bearings 
Sweat-cooled components 
Switches, precision snap- 
acting 
Symbols, electrical following 
Synchro measuring devices 
Synthetic finishes 
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INDEX OF PRODUCTS ADVERTISED 


Abrasives B 44 
Accelerometers A 30. À 33 
Accumulators J 38-39, J 50, J 57, J 60 
Actuators 
40-41, 53, A 32, 
E 76, H 50-51 
H 48, J 38-39 
Mechanical 57, E 76 
Pneumatic H 48 
C 51-52 
70, D 47 


Electrical 


Hydraulic 


Adhesives 


B 46, B 


Aluminum Alloys 


Aluminum Coated Sheet & Strip (see 


Steel, € oated ) 


Amplifiers I 56-57, I 58, 1 117, I 118 


Anodes B 49 


Assemblies, 
F 54, I 39-42, I 44, I 45, 
I 49, I 56-57, I 65, I 75, 
eee ete 
Hydraulic J 38-39, J 43, J 49 
Pneumatic J 43, J 49 
Structural. 36, 53, 59, D 36, D 41, 
D 45, I 55 


Electrical 


Axle Housings 


Axles 


Ball Joints F 63-66, | 


Ballasts Lighting 
Balls F 55, F 68, F 


Bars 
Metal B 38-39, B 46, B 52, 
B 63, D 47 


Non-Metallic C 68 
H 52 


Battery Chargers 


Bearing Materials. B 64, B 65, F 63-66, 


F 72, F 76 
Bearings 

Ball E 32-33, E 62, E 66, F 54, F 55, 
F 56, F 58, F 76, F 80, F 81, F 83 
Jewel F 72 

Miniature 
Needle F 54, 
Oil-less 75 
Roller E 18-49, E 62, 
F 50, F 54, F 56, F 73, F 76, F 83 
F 61, F 63-66, F 75 
31-34, E 66, F 60, F 61, 
F 63-66, F 80 


F 83 
F 76 

F 
32-33, E 


Self Lubricating 
Sleeve € 


Bellows 57. F 
Belts 


57, F 69 


21-28, E 41, E 59, E 60, 
E 65, E 75, E 85 


14 


Bendors 

Beryllium Alloys 
Bi-Metal 47 
Blowers H 56, H 60, H 67, I 94 
Bolts 53. B 42-43, B 52, G 30-31, 
G 35, G 36, G 38-39, G 48, 
G 50, G 56, G 59, G 60 
G 62, G 64, G 66 
J 38-39, J 57 
Brake Motors H 40 


Brakes 
Electric 
Hydraulic 
Mechanical 


Boosters 


38-39, E 67, E 92-93, I 
H 58- 

38-39, E 
(7, E 61, H 58-5 


Brass B 46, B 


Pneumatic E 


Brazing 59 


Brazing 
Alloys B 47, G ál 


Bronze 


Brush Holders 


B 53, B 58 
I 34-35, I 
F 61, I 


53, C 31-34, E 66, F 60, 
F 61, F 76, F 80, I 34-35 


102 
Brushes, Electrical 34-35 


Bushings 


Bushings, Strain Relief E78, 2 102 
Cameras (see Photographic Equipment ) 
Cams F 60 
119 
Carbon D 39 
Carbon Parts D 39 
H 68 
Casters F 62 


34-35, D 38, D 40, 
D 44, D 54, D 62 


Capacitors 33. ] 


Carburetors 


Castings D 


Castings, Precision 


Investment D 58, D 63 


Catalog Services 34 
Ceramics C 28-29, C 56, I 50 
Chains 
Roller E 32, 33, E 48-49, E 50, 
E 66, E E 72, E 81 
Silent i 32-33, E 81 
C 60, C 66 
Chemicals C 60, C 66 
Chokes H 59-62, I 59-62, I 
Choppers | 116 
H 57, I 73 
Clad Metals B 47 
48, G 55 


Chemical Treatments 


119 


Circuit Breakers 33, 


Clamps G 


Clamps, Hose 57, G 48, G 55 


Cleaners, Metal C 60 


Clips G 55 
Clutches 
Electrical 10-41, E 92-93 
Indexing & Feeding E 56, E 81, E 87 
Mechanical E 32-33, E 56, E 61, 
E 74, E 81, E 86, E 87, E 91 
Pneumatic E 47, E 61 


C 51-52, C 60, C 66, C 73, 
Ç TS 6 


Coatings 


Coils I 84, I 96, I 


Cold Headed Parts 


108, I 119 


G 54, G 61, 
G 64, G 65 


34-35, I 65, 
E44 15 


Collector Rings. B 


Commutators 
Compressors 
Computers 


Connectors 
Electrical. H 28-29, I 66-67, I 70, 
I 72, 1 81, 191, 1 94, I 112 
Hose J 43-49 
Tube J 49 
H 28-29, H 57, I 73, 
I 97-98, I 109 


Contactors 
Contacts & Contact Materials B 47, 
F 61, I 34-35, I 49, I 100 


I 59-62, I 68, I 73, 
I 97-98, I 118 


10-41, H 66, 
I 93, I 115 


Control Panels & Switchboards. . H 28- 
29, H 57, I 68, I 73, I 109 


Controllers 


Control Motors 


Controls 
Electrical 21-28, 33, H 
H 48, H 57, I 39-42, I 43, I 58, 
I 59-62, I 68, I 73, I 84, I 85, 
I 88, I 97-98, I 100 
H 28-29, H 48, H 57, 
I 58, I 68 
50-51, 60, J 38-39, 
J 62-63, J 72 
F 68 
50-51, J 53, J 69 


28-29, 


Electronic 
Hydraulic 
Mechanical 
Pneumatic 
Conveyor Belts E 48-49, 
Copper & Copper Alloys. B 


Cords I 38, I 44, I 45, I 


Cores 


Cork Compositions 3 57, F 52- 


Counters H 69, I 84 


Couplings (see Connectors, Electrical ) 
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Couplings 
Electrical E 67 
Hose. .) 45, J 49, ) 72, ) 79, ) 83 
Hydraulic E 70, E 
Mechanical. 58, E 32-33, E 36-37 
E 48-49, E 56, E 64, E 66, E 
E 75, E 78, E 81, E 82, E 
E 84, E 
Tube F 39.1 TL 3 151 
Cupro-Nickel Alloys B 58, B 
Cylinders 
Hydraulic 50-51, J 38-39, J 
J 57, J 59, J 61, J 62-63, J 
J 76, J 77, J 83, J 89, J 
Pneumatic. 50-51, J 40, J 51, J 5 


J 57, J 61, J 66, J 69, J 76, J 
J 89, J 


Decalcomanias 54 
Deep Drawing D 36, 1 55 


B 53, D 27-30, D 37, 
D 42, D 48 


Dies C 


Die Castings 


Differentials E 79.2 A1] 
Dimmers | 97-98 
Diodes 


Discs, Clutch & Brake 


I 75, 1 99, 1 117 
E 57 
Drafting 
Instruments 
Machines 
Supplies 
Drives 
Adjustable Speed 21-28, E 67, 
H 49, J 54 
Hydraulic E 32-33 
Right Angle E 86 
Timing. E 32-33, E 65, E 81, E 85 
Variable Speed 21-28, 54, 58, 
E 32-33, E 38, 39, E 55, E 60, 
E 70, E 81, H 28-29, I 58, J 38-39 
E 67 


H 66, H 67 


Dynamometers 


Dynamotors 


Electrical & Electronic Components, Cus- 
tom Made (see also Production Serv- 
ices) 40-41, F 54, 1 45, 1 55, I 66-67, 

I 75, 1 97-98, I 119 

Electroplating Equipment I 97-98 

Enamel C 73 


Engine Components (Piston Rings, etc. ) 
D 26, H 62-63 
H 52 


Engine Indicators & Controls 


Engineering Services (see also Produc- 
tion Services) 35, 59, C 36-39, D 26 


Engines. D 26, H 32-33, H 
H 47, H 62-63, 


Expanded Metals 
Expansion Joints 


Extrusions 
Metallic B 46, B 53, D 47 
Non-Metallic. C 31-34, C 46, C 56, 
C59, C 64, C 70, F 67 


Fabricated Plastics (See Plastics, Fabri- 


cated ) 


Fabricated Steel (see Plate Fabricated, 
Sheet Fabricated Structural Forms & 
Shapes; Weldments ) 


Fabrics 
Facings, Clutch 


G 34, G 40, G 44, 
G 55, G 69, G 62 


Fastening Methods 
G 52, 

Felt ; 65 

Fibre 

Filters 


Air 50-51, J 70 
Hydraulic 35, F 75, J 70, J 86, J 87 


Fittings, Pipe & Tube DA 29 
D 56, D 60 


Flexible Couplings 58, E 32-33, E 36- 
37, E 48, 49, E 56, E 64, E 66, E 68, 

E 74, E 75, E 78, E 81, E 82, E 84, 

E 88 


Fixture Clamps D 44, 


Flexible Shafts 60, E 46, E 58, E 86 
Floats 


Flow Regulators J 38-39, J 72 


12-43, B 
B 55, D 


Forgings 59, B 16, B 53, 


38, D 47 
Friction Materials E 57, F 63-66 


Furniture, Engineering Dept. A 35, A 36 


D 61 
52-53, F 62, F 67, F 78 


Gages 
Gaskets F 


Gear Motors (see also Motor Reducers ) 
21-28, 40-41, 44-45, E 32-33, E 44- 
45, E 64, E 66, E 73, E 86, H 40, 
H 49, H 50-51, H 53, H 60, H 66 


Gears. D 58, E 32-33, E 40, E 42-43, 
E 44-45, E 51, E 54, E 63, E 64, E 66, 

E 69, E 73, E 74, E 76, E 77, E 79, 

E 80, E 84, E 86, E 89, E 90, F 54, 

I 108 


Generators 


A-C 21-28, H 49, H 64, H 66, 
H 71, I 58 


D-C 21-28, H 49, H 60, H 66, H 71 
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Glass C 36-39 
Glass, Fabricated . 36-7 
Glass parts . 36-3 
Glass-run Channel 

Gold Alloys 

Graphite 


Grommets 


Handles & Knobs 54, D 44, F 62, 
F 80, G 50 
Hard Surfacing D 40 
F 51 
Heat Treating 59 
33,1101, 1 105, 1114 
114 
Hermetic Sealing Service C 36-39, D 33 
B 47, B 59 
10, G 50, G 62 
J 69 

J 49, J 83 
C 51-32 


Heat Exchangers 


Heating Units 


Hermetic Seals os d 


High Temperature Alloys 
Hinges G 
Hoists, Air Cylinder 
Hose & Tubing J 43, 
Hydraulic Fluids 

Impellers D 58 
Inspection Equipment D 61 


Instruments 
Electrical. 33, 


1 66-67, I 74, I 113 
Mechanical F 78 


Insulating Varnish. 46, ( | 64 


16, C 42-43, C 46, C 51-52, 
C 34-35, C 64.1 64. 1 78 


51-52, 


Insulation 


Insulators i6, 1 50, I 51 
Jewels 


Junction Boxes 
Keys 
Laminated Metals 


B 47, B 68, I 49 


Laminated Plastics (see Plastics, Lami- 


nated ) 
Latches G 50, G 62 
Links F 63-66 
Liquid Level Controls I 68 
Locks 29-32, G 50 
Lubricants C 51-52, C 60, C 66 


Lubricators, Air-line 50-51 


10, G 


Machined Parts 
Magnesium Alloys 
Magnetic Materials 
Magnets 

Magnet Wire 





INDEX OF PRODUCTS ADVERTISED 


B 47 


Manganese Alloys 


Markers, Wire & Insulation. . 46, I 102 


Metal Forming D 36, D 41 


Metal Powder 


Meters 


Electrical . . 33, I 66-67, 


Mica 


Moldings 
Glass (see Glass Parts ) 
Plastics (see Plastic Parts ) 
Powdered Metal (see Powdered Metal 
Parts ) 
Rubber (see Rubber Parts ) 


Motor Reducers (see also Gear Motors ) 
44-45, C 32-33, E 44-45, E 64, E 66, 
E 73, H 30-31 


21-28, H 28-29, 
H 57, J 76 


Motor Starters 


Motors, A-C 
Fractional. . 40-41, E 76, H 26-27, 
H 30-31, H 39, H 43-46, H 49, 
H 54, H 55, H 58-59, H 60, H 61, 
H 65, H 66, H 67, H 68 
Integral 21-28, 40-41, H 26-27, 
H 39, H 40, H 41, H 43-36, H 49, 
H 54, H 55, H 58-59 
Sub-Fractional 40-41, H 30-31, 
H 38, H 53, H 56, H 60, H 66, 
H 67, H 68, I 93 


Motors, Air J 48, J 56, J 69 


Motors, D-C 
Fractional 40-41, E 76, H 
H 30-31, H 49, H 50-51, 
H 65, H 66, H 67, 
21-28, 40-41, H 2 
H 41, 
Sub-Fractional 40-41, H 50-51, 
H 56, H 66, H 67, I 83 


Integral 


Motors, High Frequency 
H 50-51, H 60, H 65, 
H 66, J 47 
H 50-51, J 47 


H 50,-51 H 60, 
H 66, I 83 


J 38-39, J 41, J 54, 
J 59, J 68, J 80 


Fractional 


Integral 
Sub-Fractional 


Motors, Hydraulic 


Name Plates C 36-39 
Nickel Alloys B 58, B 63 
Nickel Silver B 49, B 58 
Notchers 60, D 48 


Nuts. . B 42-43, B 52, G 38-39, G 45, 
G 46, G 48, G 55, G 56, G 59, 
G 60, G 62, G 64 


Oilers F 82 
Parts C 36-39 


H 28-29, I 39-42, 
I 73, I 85, I 97-98 


Optical 
Overload Relays 


E 52-53, F 52-53, F 67, 
F 74, J 65, J 74 


46, C 
B 66, B 68 
B 37, B 49, B 58 
I 117 


Packings 


Paper C 71-72 
Perforated Metals 
Phospher Bronze 

Photoelectric Cells 


Photographic Equipment 
Cameras & Accessories 


Pillow Blocks 
E 50, E 62, E 66, F 56, F 61 


Pilot Lights H 28-29, 1 90, I 112 
E 44-45, E 64, E 84, F 54 
53, F 80, G 36, G 37, G 56, G 64 

B 46, B 52, B 60 
36-39, (Glass) 


A 28 


Pinions 
Pins 
Pipe 
Piping E 
Plastic Film C 42-43 


Plastic Parts. . 54, 58, C 48-49, C 54-55, 
C 64, C 68, C 70, D32, D 53, D 55, 
E 80, E 82, F 63-66, F 67 


Plastics . . C 28-29, C 35, C 40-41, C 45, 
C30, C 33, C 01-4423, CUM C 67, 
C 69, D 32 


Plastics Fabricated B 68, C 48-49, 
C 54-55, C 64, D32, D 44 


Plastics Laminated UC 45.647, 
C 48-49, C 54-55, D 55 


Plastics, Perforated B 68 
Plate Fabricated D 31, D 36, D 49 


B 38-39, B 40-41, B 46, B52, 
B 69, D 36 


B 47 
I 81 
B 68 
C 56, 1 50 


I 36-37, 1 59-62, 

I 66-67, I 93 
Powdered Metal Parts D 50, D 64, F 75 
Power Accumulators E 86 
H 32-33, H 34-35, H 47 


Plates 


Platinum Alloys 
Plugs 

Plywood 
Porcelain 


Poteniometers 


Power Units 


Power Packs 


Electrical & Electronic H 50, 
I 56-57, I 58, J 47 


50-51, J 38-39, J 54, 
J 62-63, J 66 


E 32-33, E 86, E 91 


Hydraulic 


Power Take-offs 


E 32-33, E 48-49, 


Press Brakes 60, D 48 
Presses 60, D 48 


Production Services (see also Engineer- 
ing Services) 36, 59, D 26, D 33, 
D 36, D 41, D 56 


Pulleys E 32-33, E 70, E 75 


Pumps 
Air 445,336, 1 19.7 74 
Liquid. .55, E 60, J 36-37, J 38-39, 
24170,1495, 3 294, 1 98, 
J 59, J 62-63, J 68, J 71, J 74, 
J 78, J 82, J 84, J 88 
J 56, J 70, J 74 


Punches & Dies D 43 


Vacuum 


Racks. E 44-45, E 66, E 77, E84, 1 108 


Recorders A 31 


Rectifiers. I 56-57, I 75, 1 99, I 117 


Regulators 
Electric I 100, I 118 
Hydraulic 50-51, H 48, J 38-39, J 86 
Pneumatic 50-51, H 48 
Relays 33, H 28-29, H 52, H 57, 
I 39-42, I 63, I 68, I 73, I 83, I 84, 
I 85, I 89, I 92, I 97-98, I 100, 
I 103, I 107, I 109 


A 28, A 32, 
A 35, A 36 


A 35 


43, C 45, C, 30, 
C 51-52, C 69 


I 36-37, I 46-47, 
I 59-62, I 97-98 


G 53 

J 67,3 75 

I 59-62, I 97, 98 
Rings & Loops D 51 


Rivets. ..B 42-43, G 32-33, G 38-39, 
G 40, G 42, G 47, G 52, G 54, 
G 56, G 61 


F 56, F 63-66 


Reproduction Equipment 


Reproduction Supplies 


Resins C 40-41, C 


Resistors 


Retaining Rings 
Revolving Joints 


Rheostats 


Rod Ends 


Rods 
Metallic. B 46, B 53, B 58, B 63, 
B 65, D 47 


Non-Metallic ‘ 
Rod Wipers J 
Rollers 
Rolls F 
Rotating Couplings J 
Rubber. . 58, C 31-34, C 44, C 57, C 


Rubber-Bonded-to-Metal C 31-34, 
C 59, C 76 


Rubber Coated Parts C 64 
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Rubber Parts. . 42, 58, C 31-34, C 59, 
C 64, C 70, C 76, F 52-53, F 67 


Rust Proofing C 60, C 66 


G 36, G 40, G 44, 
G 56, G 60, G 66 


Screw Machine Parts 59, B 65, D 47, 
D 56, F 71 


Screws. F 54, G 30-31, G 35, G 36, 
G 38-39, G 43, G 50, G 56, G 60, 
G 61, G 64, G 66 


Screw Thread Inserts G 40, G 44, G 60 


Seals 37, C 31-34, C 58, E 52-53, 
F 63-66, F 67, F 78, J 64, J 65 


Screw Fasteners 


Servomechanism Components 40-41, 
60, H 60, H 70, I 34-35, I 58, 1 93, 
eo a he ——— 


Shapes & Shells Deep Drawn D 36, 
> 41; 97. # 99 


B 42-43, 
B 46, I 55 


60, D 48 


21-28, E 32-33, E 41, E 50, 
E 60, E 75 


D 31, D 36, D 41, 
D 45, D 49, D 57 


Shapes, Rolled Formed 


Shears 


Sheaves 
Sheet Fabricated 


Sheets 
Metal. B 30-31, B 38-39, B 40-41, 
B 46, B 52, B 58, B 71; D 36 
Plastic C 30, C 53, C 54-55 
Rubber 58 


Shims B 47, F 70 
Silicone Rubber C 51-52 
Silicones C 51-52 
Silver Alloys B 47, B 68 


Sleeves & Tubing, Electrical. . 46, I 64, 
I 72, I 95 


Sockets, Tube C 28-29 


Solenoids. .43, I 43, I 48, I 63, I 68, 
I1 69, 1 73,1 81, 1 84,1 85,1 92, 1 109 


Spacers F 82 


B 42-43, 
D 47 


Special Shapes and Sections 


Specialty Metals B 55 


Specialty Fasteners (Pipe Hangers, Spe- 
cial Cold Headed Parts, etc.) G 52, 
G 55, G 56, G 61, G. 62, G 65 


Speed Reducers 44-45, E 32-33, E 34- 
35, E 44-45, E 50, E 64, E 66, E 73, 
E 74, E 77, E 84, E 86, E 89 


Spindles 36 


D 41, D 64, D 65 
E 77, E 79 


Spinning 
Splines 


Springs 33, P. 39, P 77 
Sprockets. ..E 32-33, E 48-49, E 50, 
E 66, E 68, E72, E77, E 81, E 84 
36, 59, C 31-34, D 36, 
D 41, D 44, I 55 


Stampings 


Steel 
Alloy. .61, B 40-41, B 42-43, B 52, 
B 55, B 56, B 57, 61 

Carbon. 61, B 42-43, B 52, 55 
Coated -31 
7 


Stainless 


61, B 38-39, B 52, 

B 60, B 61, B 63, I 

Tool B 42-43, B 56, B 61 

35, F 78, J 46, J 74 
C 54-55 C 68 


Strip, Metallic B 30-31, B 38-39, 
B 40-41, B 46, B 52, B 55, B 58, B 63 


Structural Forms & Shapes. D 31, D 47 
Studs G 35, G 48, G 66 
D 26, D 36 
Swing Joints Jj 67, J 75 


Switches . . 33, C 28-29, H 28-29, H 52, 
I 43, I 45, I 59-62, I 63, I 68, 

I 73, I 76, I 82, I 84, I 85, I 92, 

I 94, I 100, I 103, I 110 


F 63-66, J 67, J 72, 
J 75, J 89 


Synchros H 30-31 


, 


Strainers 


Strip, Plastic 


Subcontracting Services 


Swivel Joints 


Tables, Dial-Feed J 90 
Tapes C 51-52, C 68 


Tapes, Insulating (see Insulation ) 


Terminals & Terminal Boards G 45, 
G 62, I 51, I 66-67, I 73, I 94, 
I 112, 4 114, 1 119 


Testing Machines & Equipment A 30, 
A 32, A 37, I 36-37, I 58, I 74, I 113 


Thermometers F 78 
Thermostats. I 52-53, 1 88, I 100, 1101 


H 36-37, H 48, H 69, I 73, 
I 83, I 107, I 113 


Timing Motors.. H 30-31, H 36-37, 
H 38, H 42, I 83, I 93, I 107 


Tin B 48 
Titanium B 54, D 36 
Tools C 31-34 
E 74, E 86 
56, A 


Timers 


Torque Converters 
Tracing Cloth 

Tracing Paper A 2 
Transducers | 36-57 


33, H 58-59, I 54, 
I 84, I 96 


Transformers 


Transistor Curve Tracer I 58 
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Transmissions $7, 58, E 32-33, 
E 7( 


E 42-45, E 44-45, ) E 86 
Traps, Air J 46 
D 46, D 47, F 82 

D62a&b 


Tube Fabricating 
Tube Mills 


Tubing 

Flexible Metal 57, F 69 
Lock-Seam B 46, B 51 
Plastics C 54-55, C 68 
Seamless 61, B 38-39, B 50, 
B 52, F 51 

W elded 61, B 45, B 16, B 50, 
B 52, B 60, B 67, D 46, D 47 


Universal Joints. 58, E 66, E 71, E. 90 


Valves 

Air. 50-51, H 48, J 45, J 46, J 51, 

J 53, J 55, J 61, J 66, J 69, J 72, 

J 73, J 81, J 85, J 89 

Hydraulic. 50-51, 55, H 48, I 109, 

J 38-39, J 45, J 46, J 52, J 55, 

J 59, J 61, J 62-63, J 66, J 72, 

J 73, J 77, J 81, J 85, J 86, 7 89 


A 30, C 31-34, 
C 65, F 78, F 79 


Vibration Mountings 
Vibratory Equipment A 30, A 33 


Washers G 45, G 56 
Washers (see packings) ) 

Wear Materials 59 
Wear Plates F 82 


Welding 
Equipment. G 49 (Stud), G 51, 
G 57, G 63 
Nuts G 58, G 62 
B 49, B 53, D 62 a & b, 
G 57, G 63 


59, B 42-43, D 36, 
D 49, D 51, D 59 


36, F 62, F 76, F 80 


Whiteprinting Equipment A 32, A 35, 
A 36 


Wire. B 38-39, B 52, B 53, B 58, B 63 
Wire & Cable. I 38, I 56-57, I 86-87 
Wire Cloth 35, F 78 
Wire Forming D $2 
Wiring Devices. H 28-29, I 45, I 72, 
I 111, I 112 

I 44, I 45 
Wood & 1) 


Supplies 


W eldments 


W heels 


Wiring Harnesses 


Zinc B 62, D 65 
Zinc Coated Sheets B 30-31 


17 
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— 
Abart Gear & Machine Co. 
Abbott Ball Co. 
Accurate Spring Mfg. Co. 
Acme Chain Corp. 
Acra Electric Corp. 
Acro Switch Div., Acro Mfg. Co. 
Adams & Westlake Co. 
Aeroquip Corp. 
Airpax Products Co. 
Ajax Flexible Coupling Co. 
Alden Products Co. 
Allegheny Ludlum Steel Corp. 
Allen-Bradley Co. 
Allen Co., A. K. 
Allen Mfg. Co. 
Allied Products Corp., Richard 

Brothers Punch Div. 

Allied Research Products Inc. 
Allis-Chalmers Mfg. Co. 

Allmetal Screw Products Co., Inc. 
Alloy Metal Wire Co., Inc. 
American Blower Corp. 
American Chemical Paint Co. 
American Electric Fusion Corp. D 62 a, b 
American Felt Co. C 65 
American Insulator Co. D 55 
American Non-Gran Bronze Co. . D 44 
American Relay & Controls, Inc. 1 84 
American Steel & Wire Div., 

U. S. Steel Corp. B 38-39 
American Steel Foundries, Inc. 53 
Amos Molded Plastics D 32 
Amplex Div., Chrysler Corp. F 75 
Anchor Coupling Co., Inc. J 79 
Arens Controls, Inc. F 68 
Arkwright Finishing Co. 56 
Armstrong Cork Co. ..E 57, F 52-53 
Arnold Engineering Co. I 70 
Arrow-Hart & Hegeman Electric 

Co. H 
Arwood Precision Casting Corp. 
Atlantic Casting & Engineering 

Corp. 


E 86 

F 68 

F 59 
E 72 

I 114 
I 82 

I 39-42 
J 49 


28-29 
D 63 


D 62 
Auburn Button Works, Inc. C 70 
Automatic Electric Sales Co. I 103 
Automatic Switch Co. H 52, 1 109, J 73 
Automotive Rubber Co., 
Inc. C 64, C 70, F 78 
Avon Tube Div., Higbie Mfg. Co. D 46 
— 
B/W Controller Corp. 
Babcock & Wilcox Co. 
Bakelite Co., Union Carbide & 
Carbon Corp. C 45, 
Balcrank, Inc. 
Baldor Electric Co. 
Baldwin-Lima-Hamilton Corp., 
Standard Steel Works 
Barber-Colman Co. 
Barco Mfg. Co. 
Barry Corp. 
Baush Machine Tool Co. d hia 
Bearings Co. of America Div., 
Federal-Mogul Corp. 
Bearium Metals Corp. 


68 
50 


67 
80 
39 


38 
53 
67 
79 
69 


m= Ü Wm Oe 


Belgian Electric Sales Corp. H 55 
Bendix-Skinner Div., Bendix 

Aviation Corp. J 70 
Benton Harbor Engineering 

Works, Inc. 377 
Bethlehem Steel Corp. B 42-43 
Bird Co., Inc., Richard H. F 72 
Blackhawk Mfg. Co., Hydraulics 

Control Div. J 62-63 
Blackmer Pump Co. 58 
Bodine Electric Co. H 30-31 
Bond Co., Charles 8Á 
Bonnot Co. 80 
Borg Corp., George W., Borg 

Equipment Div. 
Boston Gear Works E 66 
Bradley Laboratories, Inc. I 117 
Brainard Steel Div., Sharon Steel 

Corp. 67 
Breeze Corps, Inc. 57 
Bridgeport Fabrics Inc. C 58 
Brooks & Perkins Inc. D 36 
Bruning Co., Inc., Chas. A 35 
Buchanan Electrical Products Corp. I 94 
Burgess-Norton Mfg. Co. 59 

— 
A 33 
I 119 
I 81 


Calidyne Co. 
Cambridge Thermionic Corp. 
Cannon Electric Co. 
Capital Engineering & Mfg. 
Corp. 
Carboloy Dept. of General Electric 
Co. B 33-36 
Carlyle Johnson Machine Co. E 74 
Carpenter Steel Co., Alloy Tube 
Div. 
Carter Controls, Inc. 
Century Electric Co. 
Chain Belt Co. 
Chase & Sons, Inc. 
Chemical Corp. 
Chester Cable Corp. 
Chicago Molded Products Corp., 
Campco Div. C 30 
Chicago Telephone Supply Co. I 46-47 
Chiksan Co. 
Chrysler Corp., Industrial 
Engine Div. 
Cincinnati Industries Inc. 
Clark Equipment Co. 
Clearprint Paper Co. 
Cleveland Cap Screw Co. 
Cleveland Welding Co., subs. 
American Machine & Foundry 
Co. 
Clifford Mfg. Co. F 57 
Columbia-Geneva Steel Div., 

U. S. Steel Corp. . . B 38-39, B 40-41 
Commercial Shearing & Stamping 
Co. ; 
Cone Drive Gears Div., Michigan 

Tool Co. E 73, E 89 
Control Products, Inc. I 76 
Corning Glass Works C 36-39 
Counter & Control Corp. . š 88 
Ceamer Co., Inc, B5 W. ...... I 107 


J 86 


B 60 
J 76 
H 49 
E 48-49 
I 78 
C 74 
I 86-87 


J 59 


Crofoot Gear Corp., Charles E. E 54 

Crucible Steel Co. of America B 61 

Cullman Wheel Co. E 68 

— 

Dale Products Inc. 60 

Dano Electric Co. I 108 

DeJur Amsco Corp. I 66-67 

De Laval Steam Turbine Co. E 63 

Delco Products Div., General 
Motors Corp. 

Denison Engineering Co. 

Detroit Coil Co. 

Detroit Stamping Co. 

Dialight Corp. 

Diamond Mfg. Co. 

Diefendorf Gear Corp. 

Dimco-Gray Co. 

Dings Brakes, Inc. 

Dodge Mfg. Corp. 

Doerr Electric Corp. 

Dormeyer Industries 

Dostal Foundry & Machine Co. 

Dow Corning Corp. C 51-52 

Driv-Lok Pin Co. G 64 

DuPont de Nemours & Co., Inc., E. I., 
Electrochemicals Dept. C 73 

DuPont de Nemours & Co., Inc., E. L, 
Explosives Dept. G 32 

DuPont de Nemours & Co., Inc., E. L, 
Film Dept. C 42-43 

DuPont de Nemours & Co., Inc., E. L, 
Pigments Dept. B 54 

DuPont de Nemours & Co., Inc., E. I., 
Polychemicals Dept. C 61-62 

DuPont de Nemours & Co., Inc., E. L., 
Rubber Chemicals Div. C 57 

Durkee-Atwood Co. E 41 

Dykman Mfg. Co. E 88 

Dynamatic Corp., subs. Eaton 


Mfg. Co. 


H 43-46 
J 52 
I 69 
D 60 
I 90 
B 66 
E 90 
F 62 
38, 39 
E 50 
H 54 
I 84 
D 40 


E 67 

idi. 
Eagle Signal Corp. 
Eastern Air Devices, Inc. 
Eastern Industries, Inc. 
Eastman Mfg. Co. 
Eaton Mfg. Co., Dynamatic 

Corp. subs. 
Ebert Electronics Corp. 
Elastic Stop Nut Corp. of 

America 
Elco Tool & Screw Corp. 
Electric Regulator Corp. 
Electric Wheel Co. 
Electrical Engineering & Mfg. 

Corp. i . .À 50-51 
Electrical Industries Div., Amperex 

Electronics Corp. I 51 
Electro Engineering Products, Inc. H 66 
Electro Products Laboratories A 32 
Electro-Seal Corp. D 33 
Electro Switch Corp. I 110 
Electro Tec Corp. I 65 
Elliott Mfg. Co. E 86 
Eynon-Dakin Co. F 82 
¿> 


Fairbanks Co. F 62 
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Fairfield Mfg. Co. 
Falk Corp. 
Fawick Airflex Div., Federal 

Fawick Corp. 
Federal Die Casting Co. D 4 
Federal Electric Products Co. H $ 
Federal Telephone & Radio Co. 1 56- 
Federal Tool & Mfg. Co. D 4 
Firestone Plastics Co., Chemical Sales 

Div. of Firestone Tire & Rubber 

Co. C 40- 
Fischer Special Mfg. Co. G 
Flexonics Corp. F 69 
Foote Bros. Gear & Machine Corp. E 
Ford Instrument Corp., Div. 

Sperry Corp. H 70 
Ford Motor Co., Industrial Engine 

Dept H 34-35 
Formsprag Co. E 87 
French & Hecht Div., Kelsey 

Wheel Co. 36 
Frenchtown Porcelain Co. C 56 
Frontier Bronze Corp. B 70 
Funk Aircraft Co. E 86 
Fusite Corp. I 114 

ia 
Galland-Henning Mfg. Co., Nopak 
Div. 
Gamble Brothers 
Garlock Packing Co. 
Gast Mfg. Corp. 
Gear Specialties, Inc. 
General American Transportation 

Corp., Plastics Div. 

General Controls Co. 

General Electric Co. 

General Magnetic Corp. I 
General Tire & Rubber Co., 

Industrial Products Div. ` 31- 
Geneva Metal Wheel Co. F 80 
Gibson Electric Co. 

Gleason Works E 83 
Globe Steel Tubes Co. 61 
Goodrich Chemical Co., B. F., 

GEON 
Goodrich Chemical Co., B. F., 

HYCAR 
Goodrich Co., B. F., RIVNUT 
Graham Transmissions, Inc. E 55 
Grant Gear Works Inc. E 74 
Graphite Metallizing Corp. F 61, I 34-35 
Graton & Knight Co. F 74 
Graver Tank & Mfg. Co., Inc. D 59 
Gray & Prior Machine Co. E 90 
Great Lakes Steel Div., National 

Steel Corp. 

Greer Hydraulics Inc. 

Grip-Nut Co. 

Guardian Electric Mfg. Co. 

Guardian Products Corp. 

Gustin-Bacon Mfg. Co. 
— 


C 50 


C 44 
G 47 


B 57 
J 50 
G 62 
] 85 
E 88 
C 63 


Haloid Co. 

Handy & Harman 

Hanna Engineering Works 
Hannifin Corp. 50-51 
Hansen Mfg. Co., Inc. H 42 
Harrington & King Perforating Co. B 68 
Hartwell Co. G 62 
Harvey Aluminum Sales, Inc. D 47 


A 28 
G 41 
J 61 


Hassall Inc., John 
Haydon Co., A. W. I 83 
Haydon Mfg. Co., Inc. H 36-37 
Haynes Stellite Co., a Div. of Union 
Carbide & Carbon Corp. 
Heim Co. 
Heinze Electric Co. 
Heli-Coil Corp. 
Heyman Mfg. Co. 
Hilliard Corp. 
Holliston Mills Inc. 
Houghton & Co., E. F. 
Howard Industries, Inc. 
Howell Electric Motors Co. 
Huck Mfg. Co. 
Hudson Tool & Die Co. 
Hyatt Bearings Div., General 
Motors Corp. 
Hydraulic Accessories Co. 
dii. 
Improved Seamless Wire Co. 
Industrial Control Panel Co. 
Industrial Sapphire Co. 
Industrial Tectonics, Inc. 
Inland Steel Co. 
Instrument Corp. of America 
Instrument Motors 
Instrument Specialties Co., Inc. 
Insulation Mfrs. Corp. 
International Instruments, Inc. I 7 
International Packings Corp. F 
International Rectifier Corp. I 
Irvington Varnish & Insulator Div., 
Minnesota Mining & Mfg. Co. I 
— 
James Gear Mfg. Co., D. O. 
Jergens Co., J. G. 
Johnson Engineering Co., Inc., 
Welton V. 
Johnson Machine Co., Carlyle 
Johnson Rubber Co. 
Jones & Laughlin Steel Corp. 
iis. 
Kaupp & Sons, C. B. 
Keller Tool Co. 
Kirk & Blum Mfg. Co. 
Koiled Kords, Inc. 
Koppers Co., Inc., Chemical Div. 
Kraissl Co. Inc. 


G 61 


dic. 
L & L Mfg. Co. 
Ladish Co., Tri-Clover Div. 
Laminated Shim Co. 
Landis & Gyr Inc. 
Lapeer Mfg. Co. 
Lear, Inc., Grand Rapids Div. 
Lehigh Foundries, Inc. 
Leiman Brothers Inc. 
Leland Co., G. H. 
Leland Electric Co., Div. of 
American Machine & Foundry 
Co. H 26-27 
Lewellen Mfg. Co. E 70 
Librascope Inc. I 111 
Lincoln Electric Co. G 57 
Linde Air Products Co., Div. of Union 
Carbide & Carbon Corp.. . D 40, G 63 
Lindsay Structure, Inc. D 45 
Link-Belt Co. E 32-33 
Litemetal Dicast, Inc. D 37 
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Logansport Machine Co. 
Lovejoy Flexible Coupling Co. 
Lycoming Div., Avco Mfg. Corp. 
— E. 
McDonnell & Miller Inc. 
M B Mfg. Co., Inc. 
Magnetic Amplifiers, Inc. 
Mahon Co., R. C. 
Makepeace Co., D. E. 
Malayan Tin Bureau 
Manheim Mfg. & Belting Co. 
Marion Electrical Instrument Co. 
Marlin-Rockwell Corp. 
Marsh Instrument Co. 
Marvel Engineering Co. 
Matthiessen & Hegler Zinc Co 
Maurey Mfg. Corp. 
Mayline Co. 
Mead Specialties Co. 
Mechanical Industries Production 
Co. I 88 
Mechanics Universal Joint Div., 
Borg-Warner Corp. E 
Meehanite Metal Corp. D 34-3 
Metals & Controls Corp., General 
Plate Div. B 
Metals Disintegrating Co., Inc. B 
Meyercord Co. 
Michigan Tool Co. E 73, E 
Michigan Wire Cloth Co. F 
Midland Industrial Finishes Co. € 
Midland Steel Products Co. G 
Midwest Molding & Mfg. Co 
Midwest Rubber Co. 
Milford Rivet & Machine Co 
Miller Fluid Power Co. 
Minnesota Rubber & Gasket Co. 
Monsanto Chemical Co. 
Morganite Inc. 
Morse Chain Co. 
Morton Machine Works 
Mosinee Paper Mills Co. 
Mueller Brass Co. 
Mycalex Corp. of America 
E U 
National! Acme Co. I 43 
National Band & Tag Co. I 102 
National Lock Co. G 50 
National Machine Products Co. G 50 
National Pneumatic Co., Motor 
Div. H 61 
National Steel Corp. B 30-31, B 
National Tube Div., U. S. Steel 
Corp. B 38- 
National Vulcanized Fibre Co. C 54- 
Nelson Stud Welding Co., Div 
Gregory Industries, Inc. G 49 
New Departure Div., General 
Motors Corp. F 55 
New Jersey Zinc Co. D 64-65 
New Standard Div., U. S. Expansion 
Bolt Co. 54 
New York Air Brake Co. J 36-37 
New York Belting & Packing Co. E 85 
Nicholson & Co., W. H. J 46 
Nippert Electric Products Co. I 112 
Nordberg Mfg. Co. H 71 
Nothelfer Winding Laboratories I 54 
Nylok Corp. G 60 


I9 





—O0— 
O & S Bearing & Mfg. Co. 
Ohio Rubber Co. 
Ohmite Mfg. Co. I 
Oliver Iron & Steel Corp., Berry 
Div. 
Onan & Sons, Inc., D. W. 
O'Neil-Irwin Mfg. Co. 
Ottemiller Co., Wm. H. 
ka. 
Pacific Electric Mfg. Corp. 
Palnut Co. 
Paper Machinery & Research, Inc. 
Parker-Kalon Div., General 
American Transportation 
Corp. G 
Parker Rust Proof Co. 
Parker Stamp Works, Inc. 
Pawtucket Mfg. Co. 
Peck & Harvey 
Penn Metal Co., Inc. 
Pesco Products Div., Borg- 
Warner Corp. 
Philadelphia Gear Works, Inc. 
Phoenix Electric Mfg. Co. 
Pioneer Pump Div., Detroit 
Harvester Co. 
Plastic Products Corp. 
Platecoil Div. of Tranter Mfg., 
Inc. 
Pneu-Trol Devices, Inc. 
Pollak Corp., Joseph 
Polymer Corp. of Penna. 
Precision Castings Co., Inc. D 
Process Gear Co., Inc. 
— 
Radio Receptor Co., Inc., Seletron 
Div. 
Reeves Pulley Co. E 
Republic Steel Corp., Alloy Steel 
Div. 
Republic Steel Corp., Bolt & Nut 
Div. 
Research, Development, 
Manufacture Inc. 
Revere Copper & Brass Inc. 
Revco Inc. 
Richardson Co. 
Riverside Metal Co. 
Riverside Mfg. & Electrical Supply 
Co. 
Rivett Lathe & Grinder, Inc. J 
Robbins & Myers Inc. H 41, H 65, J 7 
Rochester Products Div., General 
Motors Corp. B 
Rockford Clutch Div., Borg- 
Warner Corp. E 
Rogan Brothers 
Rohm & Haas Co. 
Rollway Bearing Co., Inc. 
Roper Corp., Geo. D. 
Rotary Seal Co. 
Roth Rubber Co. 
Rotron Mfg. Co., Inc. 
Royal Electric Co., Inc. 
Russell, Burdsall & Ward Bolt & 
Nut Co. G 38-39 
Ruthman Machinery Co. J 88 
— 
S.K.F. Industries, Inc. 


F 63-66 
C 59 
59-62 


60, 


F 78, ] 


E 62 


20 


Sanborn Co., Industrial Div. 
Sandvik Steel Inc. 

Scaife Co. 

Schrader's Son, A., Div., Scovill 

Mfg. Co., Inc. eat 
Sciaky Bros. Inc. 

Scintilla Div., Bendix Aviation 

Corp., Electrical Connectors 
Scott Testers, Inc. 

Set Screw & Mfg. Co. 
Sewall Mfg. Co., E. B. 
Seymour Mfg. Co. 
Sheffield Corp. 

Skinner Electric Valve Div., 

Skinner Chuck Co. 

Soreng Products Corp. 43 
South Chester Corp., Southco Div. G 40 
Sparta Mfg. Co. 58 
Standard Horse Nail Corp. F 80 
Standard Pressed Steel Co. G 36 
Star Porcelain Co. I 50 
Stearns Magnetic Inc. E 92-93 
Sterling Engineering Co., Inc., Div. 

American Machine & Foundry 

Co. I 89 
Stevens Mfg. Co., Inc. I 52-53 
Stewart Mfg. Corp., F. W. E 46 
Stow Mfg. Co. E 58 
Superior Hydraulics Div., Superior 

Pipe Specialties Co. 

Sweet's Catalog Service Div., F. W. 

Dodge Corp. 34 
Synchro-Start Products, Inc. 47 

Gi. 
Taylor Fibre Co. 
Technical Products Co. Inc. 
Technology Instrument Corp. . I 
Teiner Co., Inc., Roland 
Telechron Dept., General Electric 

Co. 

Teleflex Inc. 
Tennessee Coal & Iron Div., 

U. S. Steel Corp. . B 38-39, B 4 
Thomas Flexible Coupling Co. 
Thompson-Bremer & Co., subs. 

American Machine & Foundry 

Co. 

Thompson Products Inc., Light 

Metals Div. 

Thomson Industries Inc. 
Tinnerman Products, Inc. 
Titan Metal Mfg. Co. 
Titchener & Co., E. H. 
Tomkins-Johnson Co. 
Torngren Co., C. W. 
Tourek Mfg. Co., J. J. 
Townsend Co. 
Transicoil Corp. 
Tri-Clover Div., Ladish Co. 
Trombetta Solenoid Corp. 
Tubular Rivet & Stud Co. 
Tuthill Pump Co. 
Tuttle & Co., H. W. 
Twin City Die Castings Co. 
Twin Disc Clutch Co. 
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I 105 
D 42 
E 70 


Unilectric Inc. 
Unimax Switch Div., W. L. 
Maxson Corp. 


I 44 


I 92 


Union Carbide & Carbon Corp. 

Bakelite Co. C 45, C 67 

Haynes Stellite Co. B 59 

Linde Air Products Co.. . D 40, G 63 
United Electric Controls Co. I 100 
United Pressed Products Co. H 68 
U.S. Expansion Bolt Co., New 

Standard Div. 54 
U.S. Gear Corp. I 108 
U.S. Rubber Co. E 65 
U.S. Steel Corp. B 38-39, B 40-41 
U.S. Steel Export Co. B 38-39, B 40-41 
U.S. Steel Supply Div., U.S. 

Steel Corp. B 38-39, B 40-41 
Universal Castings Corp. D 58 
Universal Oil-Seal Co. E 52-53 
Utica Drop Forge & Tool Corp.. .G 34 

— 
Valvair Corp 81 
Van Cleef Bros, Lnc., Div. 

Johns-Manville 58 

Vard Inc. 3 76 
Varflex Sales Co., Inc. 
Vellumoid Co. F 62 
Versa Products Co., Inc. y oo 
Vickers Inc., Div. of Sperry 

Corp. 

Viking Pump Co. 

. 
Wagner Electric Corp. 
Waldes-Kohinoor Inc. 
Waldron Corp., John 
Walker Co., George 
Waltham Screw Co. 
Ward Leonard Electric Co. 
Washington Steel Corp. 
Waterbury Rolling Mills Inc. 
Waterman Engineering Ce. 
Watlow Electric Mfg. Co. 
Waukesha Tool Co., Waukesha 

Bearings Div. 

Weatherhead Co. 
Webster Electric Co. 
Weirton Steel Co., Div. National 

Steel Corp. B 
Western Felt Works 
Wheeler Insulated Wire Co. 
Whitney Blake Co. 

Wichita Falls Foundry & 

Machine Co., Inc. 

Willys Motors Inc. 
Winchester Electronics Inc. 
Winsmith Inc. 

Winzeler Mfg. & Tool Co. 
Wire Cloth Products, Inc. 
Wisconsin Motor Corp. 
Wittek Mfg. Co. 
Worthington Corp., 

Multi-V-Drive 
Worthington Corp., 

Pump & Compressors Div. 

— 
Yale & Towne Mfg. Co. 

Powdered Metals Div. 

Yale & Towne Mfg. Co. 

Stamford 29-32 
dia 
Zenith Carburetor Div., Bendix 


Aviation Corp. H 68 
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Here's Help On 
Your Drive 


Complete Prob le ms 
DRIVES 


Allis-Chalmers matched motors, 
control and V- belt drives 
save design time and cut 

manufacturing cost 


Y° CAN SAVE TIME, Save work, be sure of 
your power train design when you use coor- 
dinated components from Allis-Chalmers, for 
Allis-Chalmers can supply you with control, 
motor and Texrope V-belt drive for your ma- 
chine . . . all of one manufacture. 


From Power MEAN 


By using Allis-Chalmers coordinated drive 

Line to components, you save paper work and the time 

required to match parts from different sources. 

Driven More important, you know that the compon- 

ents will fit together properly and you don’t 

Sh ft have to worry about passing the buck on ser- 

a vice. One reliable company stands behind the 
complete drive. 


ENGINEERING HEIL 
Every Allis-Chalmers representative is an ex- 
perienced specialist who can give you the kind 
of help you need in selecting the best drive for 
your machine. And this team of field experts is 
backed by a large factory engineering staff. 


CERTIFIED SERVICE 
Allis-Chalmers continues to serve you after the 
sale with almost one hundred Certified Service 
Shops located in every industrial area in the 
country. Certified Service Shops are carefully 
selected, independent shops that use only ap- 
proved parts and methods in servicing Allis- 


Chalmers equipment. _ 


Texrope is an Allis-Chalmers trademark. 


ALLIS- CHALMERS | 





ecial Motors 
for Almost 
Every Purpose 


e THIS CHART YOU WILL FIND a standard type 
Allis-Chalmers motor to fit nearly every design 
need from Y? hp up. Many of them have exclusive 
construction features, such as fin cooling and tube 
cooling, which offer you premium performance with- 
out premium price. Many times these features will 
enable you to improve your design without adding to 
the cost of the machine, 


And, of course, modifications from strictly standard 
designs can easily be made to fit your particular re- 
quirements. 


If you have a special problem, Allis-Chalmers will 
gladly furnish experienced design engineers to help 
you work out your motor problems. Allis-Chalmers 
design engineers are particularly helpful because A-C's 
strong background in control, drives and many types 
of driven machines gives them an especially intimate 
knowledge of motor requirements. 


Motor Rerating Schedule 


Smaller motors will be rerated and changed 
in size according to the NEMA rerate sched- 
ule. Check with your Allis-Chalmers District 
Office on smaller horsepower ratings for date 
of availability of the new design. 


TEFC* 
and 
EXPLOSION 
PROOF 


TUBE 
TYPE 


GEAR 
MOTORS 


FLANGE” 


VERTICAL 





RANGE 


l^ to 300 hp. 450 to 3€00 rpm. 208, 220, 
440, 550 volts. Frame 182 to 326 in Type 
G construction. Frame 364 to 445 in 
Type AP construction. Frames 504 and 
larger in Type AW construction. 


CONSTRUCTION 

Stator yokes for Type G and AP motors 
are cast iron. Type AW motors are built 
with cast steel yoke heads with integral 
mounting feet and heavy continuous 


RANGE 


l^ to 100 hp. 600 to 3600 rpm. 208, 220, 
440, 550 volts. Frames 182 to 505 totally- 
enclosed, fan-cooled and explosion-proof 
construction. 


CONSTRUCTION 


Special non-clogging design blows itself 
clean, is easy to wipe or blow off if oily 
or moist dirt sticks. 


RANGE 

40 to 2500 hp. 600 to 3600 rpm. 208, 
220, 440, 550 volts plus higher voltages 
in larger sizes. 


CONSTRUCTION 

Ventilating system is simple but highly 
efficient. The frame is surrounded by a 
nest of tubes. Internal fans circulate the 
inside air around the tubes, while an ex- 
ternal fan drives outside air through tubes 
to dissipate the heat. This arrangement 
permits full internal air circulation. Clean- 


RANGE 


7.5 to 520 rpm with 1750 rpm motors. 
1 to 50 hp. 206, 220, 440, 550 volts. 
Horizontal or vertical types. 


CONSTRUCTION 


Integral type uses round frame, D-flange 
motor, resulting in shorter overall length. 
All-motor type uses standard foot-mount- 


RANGE 


1^ to 150 hp. 450 to 3600 rpm. 208, 220, 
440, 550 volts. Frames 203 to 505 in all 
constructions. 


CONSTRUCTION 


NEMA C face and D flange mounting 
construction is available in frames 505 
and smaller in the same range of rating 


RANGE 


l5 hp and up. 450 to 3600 rpm. 208, 
220, 440, 550, 2300 and higher voltages. 
Frames 203 to 505 and up. 


CONSTRUCTION 
Vertical motors with NEMA type P bases 


welded steel drip covers. Stator slots are 
semv-closed for the smaller sizes, open 
type with form-wound coils for the larger 
sizes. Windings are multiple dipped and 
baked. Rotors are cast aluminum with in- 
tegral fans. Copper or copper alloy with 
brazed end rings is used for some ratings. 
Ball 
bearings are available in all sizes. Sleeve 
bearings in some larger sizes. 


MODIFICATIONS 


Basic motor is open drip-proof rated 40? 


Bearing end shields are cast iron. 


External fan and fan shields circulate 
and direct air over the motor enclosure. 
Stator yoke is ribbed cast iron, designed 
for easy cleaning. Stator winding is the 
same as in open types. Bearing end 
shields are ribbed cast iron. Ball bear- 
ings are used except for 75 and 100 hp, 
3600 rpm motors, which have split sleeve 
bearing construction. 


Explosion-proof motors have extra 


ing is easy but seldom necessary. Stator 
yoke is heavy fabricated steel plate con- 
struction. Cooling tubes are generally 
copper but may be of other materials. 
Rotor construction is determined by speed, 
rating, and application. Bearing end 
shields are heavy cast iron, with internal 
and external ribs. Sleeve bearings avail- 
able in all sizes, ball bearings in most. 
Explosion-proof motors differ from stand- 
ard enclosed machines only in details. 


MODIFICATIONS 


Basic motor is totally-enclosed, fan-cooled 


ed motor—recommended whenever space 
permits. AGMA Class I, II, III gears for 
steady loads, moderate shock loads, and 
heavy shock loads respectively. Gears have 
compact, rigid, all-steel housings. Large 
shafts, husky bearings and strong bearing 
mountings resist severe loading. Heat 
treated alloy steel helical gears are lubri- 
cated by direct dip for safe continuous 


as the AP and AW types of motors shown 
at left, including mechanical modifications 
such as splash-proof and enclosed con- 
struction. Construction features and elec- 
trical modifications available are also the 
same as for the standard motors. 


MODIFICATIONS 
Flange motors may be supplied with or 


are available in the same range of ratings 
as the AP, AW, and AZ types shown at 
left, including mechanical modifications 
such as totally-enclosed and explosion- 
proof construction. Construction features 
and electrical modifications are same as 
for standard horizontal motors. 


C continuous, NEMA Design B. Design 
A, C and D motors also are available. 
Other electrical modifications include 110 
volts on frames 326 and smaller and 2300 
volts on frames 445 and larger, and multi- 
speed motors with constant torque, var- 
iable torque and constant horsepower. 
Mechanical modifications include splash- 
proof construction, rated 50° C continu- 
ous. Other modifications, both mechanical 
and electrical, can be made to suit your 
specific requirements. 


deep rabbetted housing fits and bearing 
seals. All seals are metal to metal. 


MODIFICATIONS 

Basic motor is totally-enclosed fan-cooled, 
rated 55° C continuous, NEMA Design 
B. Design A, C and D motors also are 
available. Same electrical modifications 
are available as in open types. Approved 
by Underwriters for Class I, Group D and 
Class II, Group E, F and G hazards. 


rated 55° C continuous, NEMA Design 
B. Design A, C and D motors also are 
available. Same electrical modifications are 
available as in open types. Mechanical 
modifications include explosion-proof con- 
struction in most sizes up to 800 hp at 
3600 rpm. Approved by Underwriters for 
Class I, Group D and Class II, Group F 
and G hazards. Cooling tubes may be 
made of any material to withstand corro- 
sive action of refinery vapors, fly ash, and 
other air-borne corrosives. This motor 
available in vertical mounting type in 
all sizes. 


lubrication, protected by heavy duty shaft 
seals. 


MODIFICATIONS 


Any standard motor may be used with 
the complete range of mechanical and 
electrical modifications shown above. In 
addition, special designs can be built to 
meet special problems. 


without feet, as required. Round frame 
motors without feet include a special 
ventilating fan to supplement the regular 
rotor fans. The mounting face or flange 
may be obtained especially machined to 
fit specific applications at moderate addi- 
tional cost. Motors may be mounted hori- 
zontally, vertically (except in certain 
cases) or at an angle. 


MODIFICATIONS 


Special bearings for additional thrust 
carrying capacity are available in some 
cases. Where required special lubricating 
and grease retaining features are available. 





—— offers a complete line of ful! voltage and 
reduced voltage motor starters to meet the require- 
ments of any type of ac motor drive. This includes manual 
or magnetic, reversing or non-reversing, single or multi- 
speed controllers. These starters as well as push button sta- 
tions are available in practically every type of enclosure, such 
as general-purpose, watertight, dust-tight and explosion-proof. 


Accessory control equipment includes d-c contactors, tim- 
ing relays, air and oil contactors for heavy duty starting and 
rotary control switches. Allis-Chalmers engineers have the 
specialized experience to coordinate your power utilization 
problems. 

Allis-Chalmers motor controls give you maximum line-to- 
motor protection with highly efficient operation and low 
maintenance. Tested performance has already proved the 
superior service qualities of all Allis-Chalmers motor controls. 


For more complete information on any specific control 
problem, call your nearby Allis-Chalmers District Office or 
write Allis-Chalmers, Milwaukee 1, Wisconsin. 


TYPE 
ENCLOSURES 


General-purpose, dust- For manual across-the-line starting of frac- 


110-550 
110-550 
110-550 
110-550 
220-550 
220-550 
208-550 
208-550 


110-550 
208-550 
208-550 
208-550 
208-550 
208-550 


tight, water-tight, ex- 
plosion-proof. 


General-purpose, dust- 
tight, water-tight, ex- 
plosion-proof. 


Sizes 0 to 4 are avail- 
able in general-pur- 
pose, dust-tight, water- 
tight, explosion-proof, 
and open types; Sizes 
5, 6 and 7 in all but 
explosion-proof. 


Sizes 0 to 4, general- 
purpose, dust-tight, 
water-tight, explosion- 
proof; Sizes 4 and 5, 
circuit breaker type 
only, general-purpose, 
dust-tight, water-tight. 


Sizes 0 to 4, general- 
purpose, dust-tight, 
water-tight, explosion- 
proof, Class II, Group 
G, open; Sizes 4, 5 
and 6, all but explo- 
sion-proof. 


tional hp single-phase motors. 


For manval across-the-line full voltage start- 
ing and stopping of small squirrel cage mo- 
tors. Overload protection is provided but 
not undervoltage protection. Manual start- 
ers for single phase fractional hp motors 
are also available. 


For across-the-line starting and stopping 
where full starting torque and current in- 
rush are permitted. As primary starting 
switches for wound rotor motors where man- 
val starting and speed regulation are pro- 
vided in the secondary circuit. Overload and 
undervoltage protection is provided. 


Same applications as above. Includes fusible 
or non-fusible disconnecting switch or air 
circuit breaker. Overload and undervoltage 
protection is provided. 


For across-the-line starting, stopping and re- 
versing of squirrel cage motors where full 
starting torque and current inrush are per- 
mitted. Also available as combination re- 
versing starters, 





220 
440-550 
2000-2500 
2501-4500 
4501-5000 


220 
440-550 
2000-2500 
2501-4500 


DESCRIPTION 


For starting of squirrel cage motors where it is desirable 
or necessary to reduce starting current inrush or starting 
shock. Two point starting. Overload protection by hand- 
reset temperature overload relays. RMC has stop reset 
button on outside of case. Contacts are oil immersed drum 
type. Built in general-purpose semi-dust-tight, and expio- 
sion-proof NEMA 9. Also drip-proof hood available. 


For applications similar to above but starting and running 
switches are ac electrically operated. Incomplete sequence 
relay is provided for transformer protection. The definite 
time transfer relay is adjustable. Overload protection by 
hand reset thermal relays. Under-voltage device for starters 
above 600 volts has time delay. All sizes built in general- 
purpose, semi-dust-tight and outdoor NEMA 3 enclosures. 
NEMA 4 water-tight and NEMA 5 dust-tight enclosures are 


- available up to 600 hp 600 volts max. 


For non-reversing, and reversing service. Interrupting rat- 
ing ten times motor full load current. Resistor class 116 
for general starting duty and resistor class 156 for high 
inertia starting duty. Definite time, adjustable, motor- 
driven transfer relay. Thermal overload relays are hand 
set. Three-pole line and accelerating contactors are ac 
electrically operated. All sizes built in general-purpose, 
semi-dust-tight, water-tight and dust-tight enclosures. Two 
step increment starters for part winding motors are also 
available. 


For general-purpose applications with motors for driving 
pumps, fans, compressors, conveyors, crushers, etc. Approx- 
imately 200 percent full load motor torque and current 
obtained on first point of acceleration. Thermal overload 
and undervoltage pretection is included. Available for re- 
versing service. Standard starters are NEMA 1 general- 
purpose enclosed. All sizes also available in semi-dust-tight 
as well as outdoor NEMA 3 enclosures. NEMA 4 water- 
tight and NEMA 5 dust-tight enclosures are available up 
to 600 hp, 600 volts max. 


Type 5852 drums control the secondary circuits of wound 
rotor motors for driving pumps, blowers, crushers, kilns, 
and similar non-reversing applications. They are used with 
a suitable primary circuit switch. Wiping action keeps con- 
tacts clean. Enclosed in general-purpose or semi-dust-tight 


case. 


All Allis-Chalmers synchronous motor starters feature: Posi- 
tive synchronizing, full motor protection, maximum accessi- 
bility, easy adjustment, and long life. Application and 
removal of dc field excitation is automatic. Magnetic 
starters use magnetically operated power starting devices. 
The semi-magnetic type is furnished for reduced voltage 
service only. All of these starters use the new type 230 
polarized field frequency field application and removal 
relay and have these protective features: overload, under- 
voltage, pullout protection, and shut-down in case of in- 
complete starting sequence. Standard starters are NEMA 
1 general-purpose enclosed. All sizes also available in 
semi-dust-tight as well as outdoor NEMA 3 enclosures. 
NEMA 4 water-tight and NEMA 5 dust-tight enclosures are 
available up to 600 hp, 600 volts max. 


Enclosed magnetic full and reduced voltage starters with 
high interrupting capacity current limiting disconnecting 
type fuses. Can be connected directly to circuits requiring 
up to 150,000 kva interrupting capacity at 2300 volts and 
250,000 kva at 4160 or 4600 volts, without the necessity 
of a back-up circuit breaker. The high capacity fuses are 
of the current limiting type and thus limit short circuit cur- 
rent to a low, safe peak value. Available with choice of 
air or oil immersed main starting contactors. Standard 
units are NEMA 1 general purpose enclosed. All sizes are 
also available in semi-dust-tight and NEMA 3 outdoor en- 
closures. Maximum ratings are with air break main line 
contactors. Ratings are slightly less with oil immersed 
contactors. 
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Most Complete Line 
of V-Belt Products 


pu RIAL V-BELT DRIVES were originated by Allis- 
Chalmers and there are more T exrope industrial multiple 
V-belt drives in operation than any other kind. Allis- 
Chalmers application engineers are always ready to bring the 
experience gained in engineering these thousands and thou- 
sands of drives to bear on your particular drive problem. 
This means that when you use Texrope V-belt drives on 
your machines, you can be sure of getting exactly the right 
drive for your requirements. 


You can be sure that the Texrope line includes everything 
you need in the way of V-belt drive components because the 
Texrope line covers more needs . . . belts, constant speed 
sheaves, variable speed sheaves and speed changers . . . with 
a wider range of sizes and types than any other line. When 
you are thinking about a drive for your machine, call your 
nearest Allis-Chalmers District Office for the kind of help 
that will aid you in producing the best possible machine at 


the lowest possible cost. 


Texrope V-belt: 

Super-7 Texrope belts are made in two constructions. For 
the smaller cross-sections, A and B, the laminated construc- 
tion is used. In this construction, the load carrying section 
of the belt consists of many layers of hard twisted rayon 
cord impregnated with and surrounded by rubber. A thick 
cushion of pure rubber protects the cords so their full 
strength can be devoted to carrying the load. 


In the larger section belts, C, D, and E, the exclusive 
grommet construction is used. This famous heavy duty con- 
struction gives from 30% to 50% longer life under severest 
operating conditions according to tests under actual running 
conditions. The grommet is an endless loop of hard-twisted 
rayon cord which is concentrated at the points of greatest 
strain. Since the grommet is endless, there is no stiff overlap 
to set up strains in the belt and eventually break down. 


Standard Super-7 Texrope belts are heat resisting and will 
operate safely in temperatures as high as 160 degrees, pro- 
viding there is some circulation of air. This is the belt used 
on the great majority of Texrope drives. 


High Capacity Super-7 Texrope belts have greater horse- 
power transmitting capacity and sell at a proportionately 


higher price than Standard belts. They are designed for 


drives where Standard belts normally cannot be used or 
where extra heavy duty belts are a worthwhile investment. 
Like the Standard, the High Capacity is heat resisting and in 
addition has a Neoprene cover impregnated with a static 
conducting element, making it an Oil Resisting and Static 
Conducting belt. It is the belt to use where oil or static is a 
factor. High Capacity belts are made in all standard sizes 
and lengths and have the same pitch lengths as Standard 
belts. A High Capacity belt is designated by the letter " M" 
inserted in the serial number (Ex: CM144). 


Wide Range V-belts 

Texrope Q, R, S and T Section V-belts are generally known 
as wide range belts. Being wider than the conventional A, 
B, C, D and E Section V-belts they effect a wider range of 
speeds when used with wide range Vari-Pitch sheaves. The 
Q and R Section belts are used with wide range Vari-Pitch 
sheaves and in the smaller speed changer units. S and T 
section belts are used in the larger speed changers. 

Wide range belts are specially constructed for flexibility 
and crosswise rigidity. They are both oil-proof and static- 
resisting. As stock belts for new drives and for replacement, 
they are carried on hand in all sizes at the factory. 


Secret of the 
Texrope Grip 


true V shape with its straight 
sides. As the belt bends around 
its sheave it has a natural tend- 
ency to bulge at the sides. This 
bulge is confined by the rigid V-shaped grooves in the metal 
sheave. This results in high pressure contact between sides of 
the belt and the groove walls, thus producing a strong vice- 
like grip the famous Texrope drive grip. And with this 
famous V-belt grip you get dependable non-slip performance. 


FHP V-Belts 


The same sound engineering principles that have made 
Super-7 Texrope V-belts leaders in the industrial field, have 
gone into the development of FHP Texrope V-belts for 
fractional horsepower service. These V-belts are shock ab- 
sorbing, with tough, pre-stretched cable cords for added 
strength and flexibility. Rubber impregnated cable cords 
reduce internal friction . . . lessen heat deterioration. Duplex- 
Sealed two-ply covers protect belts . . . offer maximum re- 
sistance to wear, 
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How Magic-Grip sheave works 


Madqgic-Grip Constant Speed Sheaves 
q E 


The Magic-Grip cast iron sheave is designed for fast, easy 
mounting and demounting. lt is clamped quickly and firmly 
to the shaft by tightening a few screws which compress the 
split tapered bushing sleeve. A small handy wrench — fur- 
nished free with every Magic-Grip sheave — is the only tool 
needed. 


HERE'S HOW IT WORKS... The tapered split sleeve of 
bushing slides almost all the way into the tapered bore of 
the sheave without forcing. The sheave, complete with bush- 
ing, is placed on the shaft as a unit. Tightening the screws 
draws bushing deeper into tapered bore — compressing the 
split sleeve — and locking entire sheave uniformly to shaft. 
Torque is transmitted through keys. 


TWO STYLES OF BUSHING . . . Magic-Grip bushings 
are made in two styles. C style has separate "free moving" 
steel collar and axially adjusted capscrews. It is used in all 
B, C and D section and the larger sizes of A-B section 
sheaves. Style NC has no collar and radially adjusted set- 
screws. It is used in the smaller sizes of A-B section sheaves. 
The style NC bushing is especially designed to allow maxi- 
mum bore in the smaller diameter sheaves. Both style bush- 
ings make use of the same principle and are equally simple 
to operate. Complete instructions furnished with every sheave. 


ADVANTAGES OF MAGIC-GRIP SHEAVES. .. Patented 
construction is simple, foolproof. You simply slip the as- 
sembled unit on the shaft — slide it to desired position and 
tighten the screws. The result is smooth running perform- 
ance — no wobbling action — no vibration ! 


ide 


Medel C Magic-Grip sheave 


— 
Medel NC Magic-Grip sheave 


STOCK SIZES 





— 


*A-B SECTION B SECTION C SECTION D SECTION 


3 to 10 Grooves 5 to 12 Grooves 
Pitch Diameter 


2 to 10 Grooves 
Pitch Diameter 


1 to 6 Grooves 


Pitch Diameter 


I 
| 
i 
I Pitch Diameter 
+ 


50 10.6 | 5. 8 15.4 9.0 10.2 24.0 13.0 18.0 
52 12.0 | 5. 0 16.0 9.2 10.6 30.0 13.4 22.0 
54 150 | 5. .4 18.4 9.4 11.0 36.0 13.8 27.0 
5.6 18.0 | 6. .6 20.0 9.6 13.0 44.0 14.2 33.0 
5.8 19.6 à .4 250 9.8 16.0 50.0 14.6 40.0 
6.0 24.6 I 0 30.0 | 10.0 20.0 15.0 48.0 
6.2 29.6 | 6. 4 38.0 15.4 

6.4 37.6 

7.0 

8.2 

9.0 


*P.D. shown is A Section. To find B Section P.D. add .4 i 


Dasi c, I Che 
ri-Pitch Sheaves and Speed Chi 


Speed adjustment on your machine may do much to increase 
its value to your customers. Easy speed adjustment makes 
it possible to adjust the machine to optimum operating 
speeds or to vary the speed to suit varying conditions. Allis- 
Chalmers offers several reliable methods of changing ma- 
chine speeds, depending on the requirements of the partic- 
ular application. 


ADJUSTABLE SHEAVES . . . Give exact speed adjustment 
by means of threaded plate which carries groove sides closer 
or farther apart. Available for A and B belts from fractional 
to 4 hp. Adjustable while stationary only. 


STANDARD RANGE VARI-PITCH SHEAVES . . . Uses 
A, B, C, D or E section belts to produce speed variations up 
to 28%. This type of drive is available from 1 to 300 hp. 
Designed for either stationary control or motion control. 
Stationary control sheaves may be adjusted only while sheave 
is not running and is usually used where speed changes are 
relatively infrequent and where the speed to be obtained can 
be pre-determined. Where adjustment while the drive is 
running is desired, motion control can be used. This method 
is recommended where speed changes are frequent or where 
adjustment must be made while observing the machine in 
operation. 


WIDE RANGE VARI-PITCH SHEAVES . . . Uses Q and 
R section belts to produce speed variations up to 100%. 
This type of drive is available from 112 to 40 hp. Designed 
for either stationary or motion control and operates on ex- 
actly the same principle as the standard range Vari-Pitch 
drive. Wide range Vari-Pitch drive is also available in the 
automatic sheave. This sheave has a belt tension stabilizer 
which automatically adjusts the pitch diameter of the sheave 
to keep the belt in proper tension as the motor is moved 
back and forth on its base. This arrangement gives a wide 
range of speeds by simply adjusting the position of the 
motor by means of the take-up device, usually a screw 
Texslide bases are particularly well suited to this operation. 


| 





Fractional Horsepower Pumps 


BULLETIN CAPACITY TO HEADS TO 


A COMPLETE LINE of frame-mounted and close-coupled 
horizontal and vertical pumps for coolant circulating, 
air conditioning and hundreds of other uses. Close-coupled 


Horizontal Close Coupled 
Vertical Close Coupled 


Frame Mounted 


5287529 
5286975 
5286691 


80 GPM 
250 GPM 
500GPM | 


140 FT 
125 FT 
designs combine motor and pump in one easy-to-mount unit edd 
while frame-mounted type can be driven through coupling 
for Texrope V-belt drive. Mechanical seal is standard except 
on some sealless models designed especially for handling 
„coolants with chips and abrasives in suspension. Choice of 


Larger Pumps 


Allis-Chalmers builds a complete line of centrifugal pumps, 
both close-coupled and frame-mounted, for almost every 
service. In addition to the famous Electrifugal close-coupled 
pump with the unit-cast frame, the line includes the support- 
ing adapter type of close-coupled pump and frame-mounted 


pumps with both oil and grease lubricated ball bearings. 


motor enclosures on close-coupled models. 


Capacities range to 2500 gpm and heads to 550 feet. 


Electrifugal, Texrope, Vari-Pitch, Magic-Grip, Super-7 ond Texslide 
ore Allis-Cholmers trodemorks. 


Sales Offices 


ALABAMA 

Birmingham 3, 2000 First Ave., North 
ARIZONA 

Phoenix, 30 West Madison St. 
CALIFORNIA 

Los Angeles 13, 417 S. Hill St. 

San Diego 1, 747 Ninth Ave 

San Francisco 7, 650 Harrison St. 
COLORADO 

Denver 2, 909 17th Street 
CONNECTICUT 

Hartford, 750 Main St. 

New Haven 10, 157 Church St. 
DISTRICT OF COLUMBIA 

Washington 5, 14th & H Sts., 
FLORIDA 

Jacksonville 7, 1628 San Marco Blvd 

iami 32, 25 S.E. 2nd Avenue 

Tampa 2, 405 S. Morgan St 
GEORGIA 

Atlanta 3, 
ILLINOIS 

Chicago 3, 135 So. LaSalle St. 

Peoria 2, 301 S. Adams St 

Rockford, 303 North Main St. 
INDIANA 

Evansville 9, 129 Locust St. 

Indianapolis 4, 11 S. Meridian St. 
IOWA 

Davenport, 326 W. Third St 

Des Moines, 206 Sixth Ave 
KANSAS 

Wichita 2, 
KENTUCKY 

Louisville 2, 241 S. Fifth St. 
LOUISIANA 

New Orleans 12, 210 Baronne St. 

Shreveport 23, 624 Travis St 
MAINE 

Augusta, 2691, 
MARYLAND 

Baltimore 18, 1115 East 30th St, 
MASSACHUSETTS 

Boston 16, 31 St. James Ave. 
MICHIGAN 

Detroit 2, W. Grand & 2nd Blvds 

Grand Rapids 2, 5-7 Lyon St., N.W. 

Jackson, 297 W. Michigan Ave. 
MINNESOTA 

Duluth 2, 10 I 

Minneapolis 2, 
MISSOURI 

Kansas City 6, 6 East llth St. 

St. Louis 3, 1205 Olive St. 
MONTANA 

Butte, 81 Hirbour Building 
NEBRASKA 

Omaha 2, 14th & Farnam Sts. 
NEW JERSEY 

Newark 2, 1060 Broad St. 


N.W. 


57 Forsyth St., N.W. 


107 South Main Street 


Water St. 


Superior St 
821 Marquette Ave. 


NEW MEXICO 

Albuquerque, 323 3rd St., S.W. 
NEW YORK 

Buffalo 3, 535 Washington St. 

New York 7, 50 Church St. 

Rochester 4, 241 East Ave 

Syracuse 2, 472 S, Salena St. 
NORTH CAROLINA 

Charlotte 2, 212 S. Tryon St. 
OHIO 

Akron 8, First National Tower 

Cincinnati 2, 617 Vine St. 

Cleveland 14, 815 Superior Ave., N.E. 

Toledo 4, 245 Summit St 

Youngstown 3, 25 E. Boardman St. 
OKLAHOMA 

Oklahoma City 1, 401 N 

Tulsa 3, 320 E. Archer St. 
OREGON 

Portland 4, 520 S.W. 6th Ave. 
PENNSYLVANIA 

Philadelphia 3, 1617 Pa. Blvd 

Pittsburgh 19, 421 Seventh Ave. 

Wilkes-Barre, Market & Franklin Sts. 

York, 42 East King St. 
RHODE ISLAND 

Providence 3, 111 Westminster St. 
TENNESSEE 

Chattanooga 2, 737 Market St. 

Knoxville 2, 531 S. Gay St 

Memphis 3 46 N, Third St. 
TEXAS 

Amarillo, 301 Polk St. 

Beaumont, 490 Bowie St 

Dallas 2, 1800 N. Market St. 

El Paso, Corner Oregon & Mill Sts. 

Fort Worth 1, 408 West 7th St 

Houston 3, 1719 McKinney Ave 

San Antonio 5 

902 Frost National Bank Bldg 

UTAH 

Salt Lake City 1, 136 S 
VIRGINIA 

Richmond 19, 627 East Main St. 
WASHINGTON 

Seattle 1, 1318 4th Ave 

Spokane 1, West 422 Riverside Ave. 
WEST VIRGINIA 

Charleston 1, 179 Summers St, 
WISCONSIN 

Milwaukee 2, 
CANADA 

Montreal, Quebe 

1104 St. Catherine St. W 

Toronto, Ontario, 629 Adelaide St. W. 

Winnipeg. Manitoba, 56 Albert St. 

Calgary, Alberta, 709-8th Ave. W. 

Vancouver, B.C., 1200 W. Pender St. 


Harvey St 


Main St. 


715 N. Van Burn St. 


Distributors in all principal cities throughout the United States 
Offices and distributors located throughout the world. 


ALLIS-CHALMERS 





to get more information on any products advertised in 


the HANDBOOK, or copies of any product bulletins listed 
tiser'* name. If more than one product is advertised, 


please indicate the one in which you are interested. For 


tised products, be sure to give page number and adver- 
bulletins, list reference numbers in boxes. 


in editorial pages. In requesting further data on adver- 
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Product Engineering 
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bulletins, list reference numbers in boxes. 


tised products, be sure to give page number and adver- 


to get more information on any products advertised in 
the HANDBOOK, or copies of any product bulletins listed 


USE THESE CARDS 


PLEASE TYPE OR PRINT TO ASSURE ACCURACY 
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“YALE MAKES THE 
LOCK YOU NEED... 


Choose from a wide line of standard models ... or let Yale 
experts produce a new lock to fit your specifications 


Whether you need a simple lock or a special lock, 
Yale has it in stock . . . or can quickly make it for you. Talk 
over your requirements with the Yale Industrial 
Lock Expert. (He may be in your locality now.) He'll gladly 
give you all the facts on any Yale lock, help solve any 
tricky locking problems that may be "stymieing" 
you, and show you how to increase the saleability of your 
product with high-quality, low-cost Yale hardware. 


If you wish, write for details to Industrial Lock Dept., ff 


The Yale & Towne Manufacturing Co., Lock & at 


Hardware Div., Stamford, Conn. Led 





There's a Yale lock for every 


L3378 LOCKER LOCK C-1222 PLUNGER LOCK 4651 DRAWER LOCK 


Chromium finished combination lock Four pin-tumbler lock of extruded Versatile five disc-tumbler lock. 
for steel, gravity or manually opera- brass for metal file drawers and Changed easily to right or left hand 
ted lockers. Retractable dead bolt cabinets. Spring actuated to pop cupboard lock by removing a screw 
controlled by dial . . . manually op- out when unlocked. Can be master- and turning the plug. Can be mas- 
erated. Emergency key controlled. ter-keyed. Dead bolt, die-cast, % in. 


HOW YALE Narrow Stile Lock 


Designed at the request of a leading glass 


and metal door manufacturer for use in en- 
trance doors with narrow stiles. Only 1% 
inches wide with a 1-inch backset, yet this 
deadlock doesn’t surrender a single Yale se- 


p A L curity or quality advantage. Two-cylinder op- 
eration. Key opens lock from both sides. Pin 
tumbler security. Convenience of master- 


keying. Available in single cylinder opera- 

LOC K i N is tion too. Handsome construction in anodized 
extruded aluminum stock. Hardened steel 
pin in bolt. 





school, business or personal use. 


5591 3-WAY DRAWER 
LOCK 


A four pin-tumbler all-brass lock for 
wooden storage units — drawers, 
right or left hand doors. Can be 
master-keyed. Dead bolt, % in. 
throw. % in. wood, regular. 


TA637 LUGGAGE LOCK 


Smartly designed, first quality suit 
case lock for hardside luggage. 
Three disc-tumblers. 18 key changes. 
Bright brass or bright nickel finish. 


5529 SHOW CASE LOCK 


All-brass push-in cylinder lock for 
sliding show case doors. Four pin- 
tumblers, 1200 changes. Can be 
master-keyed. Heavy locking bolt, 
1⁄4 in. dia., 2 in. throw. 1 in. wood, 


regular. 
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Depository Bag 


Banks offering customers a night depository 
service find lost keys and time-consuming ° ° 

searches for duplicate keys a nightmare. So Hidden Furniture Lock 
a leading manufacturer of night depository 
bags came to Yale for help. And got it! A 
special tamper-proof lock that functions 
speedily and efficiently. Nerve center of the 
lock is a small but mighty cylinder designed 
so that each bank messenger has individual 
access to his own bag — yet one bank master- 
key controls all depository bags. 


Furniture manufacturers find this new hidden 
. . because it enables 
their customers to lock all drawers in all 


Yale lock a big plus . 


furniture pieces simultaneously! One master- 
key controls all pieces. It’s the only safe 
way to lock furniture against burglars, pry- 
ing maids, baby sitters and curious children. 
This new Yale-designed lock combines quality 
and security advantages never before avail- 
able to furniture manufacturers. 





2430 PANEL 
BOARD LOCK 


Ideal lock for electric panel 
boards. Key deadlocks bolt 
and ring handle which retracts 
latch bolt to operate. Lever 
tumbler mechanism. Bright 
plated ring handle and brass 
nose. 


SEE THE’ YALE 


$1400 LOCKING 
HANDLE 

Concealed screws hold handle 
from rear of door. New Yale 
handle offers 5 disc-tumbler 
locking cylinder security plus 
roomier, easier grip. Polished 
or satin finish. 


INDUSTRIAL MAN 


He has thé. answer 
to your lock problem 


YALE & TOWNE 


STAMFORD, CONN. — 





GIVE 


YOUR PRODUCTS 
A “PLUS” VALUE 


BY USING 
GENERAL ELECTRIC 
COMPONENTS 


For Example: THE NEW 7/3) CLAD MOTOR 


General Electric has designed a new motor as the 
latest of the well-known, well-accepted Tri-Clad 
family. Here are some of the reasons why it provides a 
superior drive for all kinds of equipments: 

Lighter and smaller frames, in the new NEMA sizes 
and ratings, save space, reduce over-all weight, and 
save handling and storage costs. 

Easy installation is provided by perma-numbered leads 
which can be identified even after they have been 
taped or clipped. The conduit box is large enough for 
ample work space. 

Quiet operation helps solve the problem of industrial 
machinery noise—causes of motor hum and rattle 
have been studied and adjusted. 


OTHER COMPONENTS 


In addition to using G-E motors and generators 
of all types, you can add to the value of your 
products through the use of other General 
Electric components, all designed to fulfill your 
exact requirements. A partial list of those avail- 
able follows: 

Controls, Electric & Electronic 


Transformers of All Types Switchgear 


Improved performance adds to customer satisfaction. 
Higher full-load speeds are typical of the better operat- 
ing characteristics. 


Modern appearance will enhance the over-all attrac- 
tiveness of industrial machinery. The sturdy cast-iron 
frame helps protect vital parts from shock and 
dripping liquids and guards against misalignment. 


A complete line of these new motors is ready in ratings 
up to 30 horsepower. All enclosures are available with 
normal- or high-slip characteristics. For low-speed re- 
quirements, there is a complete line of Tri-Clad “55” 
gear-motors. See your motor supplier or ask for Bulletins 
GEA-6012, -6013, and -6027. 


Circuit Breakers Relays & Switches 
Meters & Instruments Capacitors 


Electric Heaters Lighting Ballasts 


For details concerning these and other com- 
ponents, consult the Product Design File, 
issued by Sweet’s Catalog Service, or write 
Section 640-391, General Electric Company, 
Schenectady 5, New York. 


Progress ls Our Most Important Product 


GENERAL @ ELECTRIC 
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a most 
convenient 
ever-present 
source of 
product 
information 


= produ, 
oes 9" E 


".,..a great time saver" 


Once again, in 1955, sixteen thousand leading 
product design and development offices through- 
out the country will receive their Product Design 
File. Hundreds of manufacturers’ catalogs on thou- 
sands of products and services—all conveniently 
filed and indexed to save you time in selecting 
possible suppliers. 


No need to write away for the catalogs in this File. 
No long wait to get them through the mail. 
No annoying premature sales pressure. 


This is a product information system designed 
especially for your needs. 


The manufacturers’ catalogs in the 1955 Product 
Design File will cover all these categories: 


metals 


ferrous (cast iron, wrought iron, steel, stainless steel) 
non-ferrous (aluminum, bronze, brass, copper, 
carboloy, magnesium, nickel, platinum) 
fabricating and finishing (hardening) 


plastics and rubber 


plastics (materials) 
fabricating and processing 
rubber (adhesives, natural, synthetic) 


materials and finishes 


wood * glass * other materials 
(carbon, cellulose fiber, cork, glass fiber, 
insulating material, silicones, lubricants) 
finishes 


electrical parts 


motors + generators + controls 
electronic components + other electrical parts 


mechanical parts 


transmission + flexible shafts - bearings 
hydrauiic and pneumatic equipment 
pumps and compressors * fittings and valves 
flexible tubing and hose + instruments and controls 
gaskets, packing and oil seals 
lubricating systems * springs * other mechanical parts 
(bellows * fans and blowers * hardware * slides 
gas and oil burning equipment * rolls * shims) 


fastening devices and methods 


bolts, nuts, rivets, screws 
specials and specialties + retaining rings, etc. 
brazing * welding 


special services 


Sweet's Catalog Service 
Division of F. W. Dodge Corporation - 119 West 40th Street, New York 18, N. Y. 


Product Engineering — 1955 Annual Handbook 





IF T E DESIGN ON YOUR, 
BOARD...(now or late 
involves a screen o 


this book is for youl 


PHOTOGRAPHS... 


show you 106 strainers which solve 
screening and filtering problems on 
widely varied products. These photo- 
graphs show in detail fine and coarse 
mesh strainers, some reinforced with 
heavy wire or perforated metal, and a 
variety of intricate wire cloth and stamp- 
ing assemblies. 


ENGINEERING DATA... 


includes listings of standard weaves, 

meshes and sizes of the non-ferrous wire | 
cloths, ranging from 20-mesh to 200- WIRE CLOTH PRODUC rs oes 
mesh. As an aid to efficient, low cost de- bd ao aarne dahada E DFs ; 
sign, you will like the easy-to-read tables — 

which show you the mesh, wire size, 

width of opening and percentage of open 

area in various wire cloths. 


BELLWOOD ILLINOIS 


WE INVITE 
YOUR INQUIRY 


on strainers and filters 
In the design stage, we can offer 
— suggestions based on 16 years of 
V specialized experience. 


In production, our combination of en- 
o [24 O D U G T EN š j N C ë gineering, skilled workers and spe- 


cialized equipment may offer 


2807 CONGRESS STREET EXPRESSWAY economies that give you an im- 
BELLWOOD, ILLINOIS (Chicago Suburb) "rer 


Write for your free copy today... 
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A RELIABLE SOURCE for CONTRACT MANUFACTURE 
Modern Facilities * Capable Personnel * Know How 


CIRCLE, SEGMENT and SPIRAL BENDING of 
ANGLES © TEES * FLATS ¢ CHANNELS è ROUNDS 
SQUARES © BEAMS ¢ PIPE & SPECIAL SHAPES 


HIGH SPEED TIMKEN 
ROLLER BEARING 
FARM WAGON 
6,000 Ibs. Capacity 


7 - COMPLETE 
l ASSEMBLIES 


8- COMPLETE 
MACHINES 
1 - SUB-ASSEMBLIES 


2 - STAMPINGS 


STANDARD EXPRESS TRUCK 


Tur MERIT of your product design is brought fully into 
play only when PRODUCTION follows through — compe- 
- 3- TRACTOR RIMS tently, in adequate volume and with prescribed uniformity. 


Believing that we are capable of serving you with the fabri- 
cating Know-How you are seeking, we invite you to join 
our growing and satisfied customer list. A line from you 
will command our immediate attention. 


FRENCH & HECHT 
DIVISION 
HA YES WHEEL "m te 
DAVENPORT, IOWA 
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Stuck don the Right answer to a 
Shaft- Sealing problem? 


TURN TO. e e 


for SWITCHES 


for CONDENSING UNITS 


| 
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When ordinary methods won't do the job—yet 
Shaft-Sealing Certainty is a must—the proper 
ROTARY SEAL is usually the answer. ROTARY 
SEALS stop Shaft-Sealing troubles before they 
start, because they're tailor-made for each spe- 
cific application. 

The basic sealing principle originally introduced 
by ROTARY SEAL more than 20 years ago has 
naturally been imitated up to a point. But the 
broad experience of ROTARY SEAL engineers 
is inimitable. That experience makes it possible 
to adapt the basic ROTARY SEAL principle in 
just the right way—with the correct facings, 
springs and other details—to give you complete 


mechanical 
seals 


— — 


for WINDSHIELD WIPERS 


assurance of positive, trouble-free Seal perform- 
ance under your conditions. 


The illustrations above suggest only a few of the 
many successful uses of ROTARY SEALS. You'll 
find them "standard equipment" among leading 
makers of PUMPS—HYDRAULIC DEVICES — 
COMPRESSORS — APPLIANCES — GEAR 
BOXES—HEAVY DUTY WINDSHIELD WIP- 
ERS— AGRICULTURAL MACHINERY —and 
in scores of other applications where Shaft- 
Sealing Certainty is vital even under the most 
rigorous conditions. 


The best time to start solving your Shaft-Sealing 
problem is at the drawing-board stage. Call in our 
engineers for an early consultation—and send for 
your copy of our brochure, “Sealing with Certainty”, 
which explains and illustrates the ROTARY SEAL 
principle. 


2026 NORTH LARRABEE STREET 
CHICAGO 14, ILLINOIS, U.S.A. 
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DINGS Divecr Acting 
MAGNETIC BRAKES 


»  - Offering these 
outstanding advantages: 


@ designed for NEMA re-rated motor 
frames 


NEW 





















è accommodates standard NEMA 
shaft extension 


* furnished for THRU-SHAFT upon 
specification 


@ simple, positive DIRECT-ACTING for 
instant, smooth operation 


* new, simpler design and rugged, 
compact construction 


è for all standard AC or DC voltages 
è no mechanical linkages 

* cooler operation 

© 1% through 175 Ibs. ft. torque 
^ 


floor or motor mounting, horizon- 
tal or vertical operation 


* standard drip-proof or dust-tight, 
waterproof enclosures available 











design carved @ FRICTION Discs O MANUAL RELEASE RODS © cover 
i T @ PRESSURE PLATE Š E FOR THRUANAPT O TORQUE NUT 
n 
construction © MAGNET ARMATURE © STATIONARY DISC © roraut sprinc 
features O MAGNET ASSEMBLY © WEAR ADJUSTING NUT © Bracket 
THRU-SHAFT 
CONSTRUCTION 






The new Dings DIRECT-ACTING 
Magnetic Disc Brakes will accom- 
modate the standard NEMA shaft 
extension—and are also available 
for THRU-SHAFT when specified. 
This facilitates the use of hand 
cranks, electrical tachometers, 
pulleys, etc. 










.. . for mounting on all old and new re-rated NEMA 
TYPE "C" MOTOR FLANGES 


Backed by years of specialized experience, the new Dings 
DIRECT-ACTING Magnetic Disc Brake now offers a 
combination of design and operating features never 
before offered to industries where automatic, controlled 
braking is required. 

The new Dings Brakes are spring engaged and mag- 
netically released, designed to mount on all NEMA "C" 
flange motors, as well as being interchangeable with any 
standard "C" flange mounting disc brake. 


Built to exacting specifications, the new Dings 
DIRECT-ACTING Magnetic Brakes are designed to 
stop any motor smoothly and instantly, to bold the load 
with absolute dependability and to release with »o drag. 


Here are a few of the reasons why it will pay you to 
specify the new Dings Brakes: 


SIMPLICITY — 
rugged, compact construction; easily accessible; simple 
to install and adjust —and NO mechanical linkages 
to require maintenance. Simple, fast release. 


INSTANT DIRECT-ACTING OPERATION — 
movement of braking assembly measured in thousands 
of an inch. Braking or releasing is therefore virtually 


instantaneous. 


UNMATCHED HEAT DISSIPATION — 
amply proportioned molded asbestos friction discs 


spread braking torque over a large disc area. 
£ q £ 


HIGH THERMAL CAPACITIES — 
new bigbs in tbermal ratings bave been obtained in 


tbe neu Dings Brake. 


WIDER APPLICATION — 
tbe new Dings DIRECT-ACTING Magnetic Brake 
accommodates the standard NEMA shaft extension, 
and ALSO may be used for THRU-SHAFT when 
specified. Designed to meet new re-rated and old 
NEMA motor standards. 


CLIP and MAIL THIS COUPON FOR FULL DETAILS 


DINGS BRAKES, INC. 


4715 W. Electric Avenue, Milwaukee 46, Wisconsin 


DINGS BRAKES, INC. 
4715 W. Electric Ave., Milwaukee 46, Wis 


DIRECT-ACTING Magnetic Brakes. 


Nome atn — 


Compony 


A SUBSIDIARY OF DINGS MAGNETIC SEPARATOR CO. Adtren... - - - 


City ll UC 





Pfease rush full details covering the new Dings 


Fast action clutch-brake of 
unique Lear design utilizing 
two opposing coils to force 
clutching and deciutching. 
increases the speed of both 
operations. Typical application: 
digital mechanical computor. 


Specially designed Lear motor 
utilizing offset gear train 
to allow close tolerance 


and output shaft. 
Typical application: 
aircraft scavenger pump. 


Lear intermittent duty 
AC motor. Has high torque 
AC brake capable of 
stopping both rotor and 
connected inertia load. 
Typical application: 
positioning actuator for jet 
engine air intake doors. 


| between mounting surface 


Lear AC brake motor with 
exceptional environmental 
resistance. Non-corrosive 
materials used throughout, 
including laminations. 
Typical application: 
aileron trim tab actuation. 


AC motor of the 
air-over-totally-enciosed type. 
Has special mylar high 
dielectric insulation. 
Typical application: 
hydraulic pumps. 


Miniature DC motor. Unusual 
specifications required 
armature which could be 
stalled continuously and a 
field to match 10,000 ohm 
impedance of vacuum tube 
amplifier. | application: 

servo. 


? 


Synchronous AC motor. 
Has exceptional high starting 
torque which overcomes 
starting drag characteristics. 
Provides optimum low 
temperature operation. 
Typical application: 
radar scanning cavice. 


Lear DC motor with noise 
filter designed integrally 
into special pump base. 
Totally enclosed and 
self-ventilated. 
Typical application: pumps. 


% 


DC intermittent duty motor 
incorporating Lear Fastop 
Clutch. Extensively used 

for heavy duty. 
Typical application: 
cowl flap power unit. 


ROM E 
Jum 
ome 


Gearhead DC motor. 
Demonstrates building block 
flexibility. Gearhead 
components are available in a 
variety of gear ratios for 

ali Lear motors. — 
Typical application: 
guided missile fin actuation. 


` DC brake motor with 
quick stopping and 
high holding torque... 
Optional thermal protection. 
Typical application: 
seat actuator. 


| 
I 
SALES OFFICES — Grand Rapids: 110 lonia Ave., N.W. Los Angeles: 11916 W. Pico Blvd. * Westbury, L.!., N.Y.: 578 Grand Blvd. * Wichita: 307% Laura > i Fort Werth: 6100 Camp Bowie Blvd. 
i 
| 





| UR Although Lear's production of electric aircraft motors 
| E impresses by its magnitude, the major emphasis is first, 
last, and always upon quality. It is doubtful that any 


other company invests as much engineering time into 
every motor it builds. An entire, top-calibre engineering 
department is devoted exclusively to motor design, making 


Lear exceptionally qualified to handle the more exacting 
B and difficult applications which most manufacturers hesi- 
tate to tackle. 


Lear's excellent facilities for the design, engineering, 





production, and testing of motors are devoted to build. 


ing aircraft motors and aircraft motors alone. Lear 

Ly E * motors are designed to meet every applicable military 
specification. 

Lear has accumulated immense experience in the 

manufacture of motors of aircraft quality, having built 

over one million since 1941. All motors used on precision 


Lear equipment such as electro-mechanical actuators, 
vertical gyro indicator systems, and F-5 autopilots, are 


a and all of aircraft quality ! Lear motors, so they have to be good. 


Lear is an acknowledged leader in the field of motor 


noise filtering. Noise filters are engineered into Lear 
motors at the design stage — not added as an afterthought 


when the product is finished — thus providing substantial 


savings in weight and space, and tangible bonuses in 
performance. 

Lear motors achieved early prominence through the use 
of the Lear **Fastop" clutch, and are now available with 
a complete line of breaking devices, including both AC 
and DC brakes of the single-disk and multiple-disk types 
(which incidentally, are offered as separate components 
to other manufacturers). 

Although all Lear motors are new designs, an infinite 
variety of additional models are available through com- 
bination of arrangements used in our regular families of 
motors, of which only a small part are illustrated here. 
Thus, Lear-quality models can be designed, and are de- 
signed, to meet practically any specialized requirement. 

If you need any kind of an aircraft electri- 
cal motor — and if you want the best — it will 
pay you to consult Lear. Write, wire, or phone 
your nearest Lear Sales Office or Lear, Inc., 


110 Ionia Avenue, Grand Rapids 2, Michigan. 


mias - 


Wash., O.C.: 1701 K St., N.W. « San Diege: 429 Robinson Ave. * Dayton: 53 Park Ave. « Seattle: Term’! Bidg., Boeing Field + Toronto, Ont. and Montreal, P.Q.: Railway & Power Engr. Corp., 





A Hundred 


or à MILLON pieces 


...ülirays UMFORM 


Cut to Your Precision Demands! 


When Western Felt cuts a component part 
to your specifications, piece after piece is a 
precision-cut part. You want that kind of 
uniform precision because the performance 
of your product depends upon it. And be- 
cause of the peculiar properties of wool felt 
fibres, especially where the more dense 
types are specified, it can be processed 
with amazingly close tolerances. Toler- 
ances as close as a few-thousandths of an 
inch can be supplied when required. 
Western Felts are manufactured to the 
density you require—cut and supplied 


WESTERN 


4021-4139 W. Ogden Ave., Chicago 23, lllinois 
Branch Offices in Principal Cities 


exactly to your specifications. They resist 
wear, age and weather...never ravel nor 
fray. They seal, insulate, absorb sound and 
vibration, or lubricate...as you wish! 
Chemically treated, they can be moth- 
proof, mildew-proof, flame or water 
resistant. 

You name it...specify it...we put the 
benefits of 54 years of experience back of 
making a felt component that will meet 
your specifications. Write today—your 
inquiry will receive prompt attention. 


ALSO MAKERS OF ACADIA SYNTHETIC RUBBER PARTS 


Manufacturers and Cutters of Woól Felt 
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new... 


Deliver Unmatched Quality— 


Save Money! 


Type 12100 


Occasionally, manufacturers have requested a 
particular modification of a Soreng solenoid design 
on unusually short notice. Because, in the past, 
we carried no finished solenoid stocks, we were 
sometimes unable to fill such orders. However, the 
new Soreng “Standard” Solenoid alleviates this 
problem. 


How The "Standard" Meets Your Specifications 

The four basic solenoid types shown here provide 
twelve sets of characteristics. When you give us 
the specifications of your design, our engineers can "-——————————— TT 
quickly recommend the combination of type, duty 
and voltage necessary to do the job. 

The standard units have all the exclusive fea- 
tures of any Soreng custom designed solenoid . . . Type 12130 
more pull where needed, double shading coils, quiet 
operation, retained uniform characteristics, and a a 
life equal to the product in which they are used. P oos 

How The "Standard" Saves Money L *» J 

Of course, savings are always possible through i v" od TAR 
standardization. And, in this particular case, the ; 1 zc 
savings are two-fold. First, rising costs have been í — = 
minimized so that first cost is held down. Secondly, É E 
with little or no lead time required, you can lower 
your investment in a parts inventory. 

This gives you some idea of the tremendous pos- 
sibilities of the Soreng Standard Solenoid. For 
more complete information, power curves, dimen- 000000000000400000900000000000000000 
sions and electrical cha.<>teristics, write for Bul- 
letin CF-124. 


Bulletin CF-124 E. 8 
Drawings, Power Curves, Technical Dato | 


ePRODUCTS CORPORATION 
9559 Soreng Avenue, Schiller Park, illinois 
Plants: Schiller Park, lil. + Fremont, Ohio + Spring Valley, Iil. 
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ESTABLISHED 


GEAR 
SPEED REDUCERS 
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Offset Drive — Single, 38 sizes, ratio 6:1 
Double and Triple Reduc- to 450:1, with .3 
tion. Also Double Reduc- ' to 347 horsepower. 
tion, Straight Line Drive. Right or left hand 


110 sizes, ratio range from BÉ assembly, Also 
2:1 to 370:1, and from .5 . available vertically 
to 4700 horsepower. These 4 motorized, 
reducers are either right or 

left hand assembly. 


CONTINUOUS-TOOTH 
HERRINGBONE 


^. w-—. 


— — 
N ESN 


Horizontal Drive 


SPIRAL BEVEL-HERRINGBONE 
* SPIRAL BEVEL-HELICAL 


- + E * k > = = T eu» 
— + sà - AK, < —— MUS gear om efe e. “¿er 
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15 sizes, ratio 1:1 to 6:1, 
.14 to 336 horsepower. 
Horizontal drive; right 
or left hand assembly. 
Vertical drive; slow 
speed shaft extending 


upward or downward. Horizontal or Vertical Drive 


33 sizes, ratio 8:1 to 1100:1, 34 to 
SPIRAL 75 horsepower. Horizontal drive; 


SPIRAL BEVEL GEAR í < BEVEL- right or left hand assembly. Verticol 


n^ drive; slow speed shaft extending up- 
Horizontal or Vertical Drive 2» PLANETARY ward or downward. 


EP 1k". NETS FT — 
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8 sizes, ratio 5.66:1 to 


i Š "de 100:1,.04 to15.6 horse- 
13 sizes, ratio 19:1 to 400:1, 3 power. Horizontal drive; 


.13 to 72 horsepower, Horizon- — il right or left hand assem- 

tal drive; right or left hand as- et bly. Vertical drive; slow 

sembly. Vertical drive; slow  - SER speed shaft extends up- 

speed shaft extending upward ve. ward or downward. 

or downward, — Sizes 17 to 33 inclusive 
have detachable bases 
or feet, are adaptable to 


s horizontal er vertical ap- 

HELICAL- X ^ plications, convertible 
WORM GEAR + from one to the other, or TYPE ''S" 

Horizontal or Vertical Drive — may be used without WORM GEAR 

bases to suit particular 


* Horizontal or Vertical Drive 
installations. 





18 sizes, ratio 87:1 
to 10,000:1, .004 to 
60 horsepower. Hor- 
izontal drive; right 
or left hand assem- 
bly. Vertical drive; 
slow speed shaft ex- 
tending upward or 
downward. 


DOUBLE WORM GEAR 


Horizontal or Vertical Drive 


13 sizes, ratio 6:1 to 
100:1, % to 30 horse- 
power. Horizontal drive; 
right or left hand assem- 
bly, Vertical drive; slow 
speed shaft extends up- 


ward or downward, 


WORM GEARMOTOR 


TYPE '"W" « TYPE “WG” 
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GEARMOTOR REDUCER 


TYPE "M"—Horizontal or Vertical Drive 


35 sizes, ratio 10:1 to 1200:1, 34 to 75 horse- 
power. Horizontal drive as shown. Vertical drive; 
slow speed shaft extending downward only. 


— 


m 
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GEARMOTOR REDUCER 


TYPE "MG"—Horizontal or Vertical Drive 
35 sizes, ratio 10:1 to 1200:1, 34 to 75 horse- 
power. Horizontal drive as shown. Vertical drive; 
slow speed shaft extending downward only. 


10 sizes, ratio 6:1 to 
100:1, .30 to 206 horse- 
power, Horizontal drive; 
right or left hand assem- 
bly. Vertical drive; slow 
speed shaft extending up- 
ward or downward, 


TYPE “H” WORM GEAR 


Horizontal or Vertical Drive 


35 sizes, ratio 1O to 
1200:1, 34 to 75 horse- 
power. This arrangement 
of gears secures large 
speed reductions without 
sacrificing efficiency and 
compactness, 


GEARMOTOR 
REDUCER 


TYPE "MR" 


Assembled on baseplate with coupling. 
A packaged unit in 35 sizes. Ratio range 
10:1 to 1200:1, 34 HP to 75 HP. 





Get These Free Catalogs and Bulletins 


on IMC Electrical Insulating Materials 


Here is your chance to bring your tech- 
nical library on electrical insulating mate- 
rials up to date. Just note on the coupon 
below the publication numbers of the cat- 
alogs and bulletins you desire, and send it 
to Insulation Menufacturers Corporation. 
IMC handles a complete line of electrical 
insulation materials to meet the needs of 
manufacturers and repairers of all types 


Publication 
No. 

PB 280 inmanco* Wedgie* hard maple wood 
motor slot wedges 

B-103  Inmanco* laminated asbestos motor slot 
wedges 

PB 441 Inmanco* curve — and square -formed 
fibre motor slot wedges 

PB 443 Inmanco* fibre washer assortments 


PRODUCT 


PB 499 Inmoanco* fabricated electrical insulation 
parts 
PB 489 inmanco* dispenser packaged cuffed 
motor slot paper 
PB499A inmeanco* stylized motor slot insulators 
PB 180 Imcor* cotton and flaxtwines 
PB 220 Imcor* woven cotton tapes 
PB 219 Imcor* and Electra braided cotton sleev- 
ings 
PB 310 [imcor* and Vartex extruded plastic tub- 
5-154 ing 
PB 420 Imcor* woven glass tapes 
PB 110 Permacel* pressure-sensitive electrical 
and industrial tapes 
PB 130A Asbeston* and R/M woven asbestos 
tapes 
PB 1308 R/M Asbestos braided tubings and 
sleevings 
PB 150 
PB 1 50B 
B-152 Coilite spirally wound phenolic paper 
base tubing 
PB 155 Dynakon reinforced plastics 
PB 250 ) Diefiex* braided cotton and glass tub- 
PB 250A ings and sleevings with treatments 
B-172 or coatings of oleo-resinous varnish, 


vinyl resin, silicone varnish, silicone 
rubber, and Teflon*. 


Dieflex* vinyl coated glass braid cov- 
ered lead wire 


{ Phenetires laminated plastics 





National vulcanized fibre and Peerless 
fishpaper 


Fiberglass* and Electra glass tying cords 


INSULATION 


MANUFACTURERS CORPORATION 


565 West Washington Boulevard 

Chicago 6, lllinois—Phone CEntral 6-7320 
1231 Superior Avenue, N. E. 

Cleveland 14, Ohio—Phone SUperior 1-2310 


Other offices and rep- 
resentatives in Chicago, 


of electrical and electronic equipment and 
components. Popular items, including 
Class H silicone insulating materials, are 
carried in local warehouse stocks for prompt 
service. In addition, IMC's Inmanco Fabri- 
cating Division is equipped to fabricate 


insulating materials to your exact specifi- , 


cations. Ask for more information or send 
the coupon today. 


Publication PRODUCT 
No. 


PB419 = Electra braided glass sieevings 

PB 527A Macalien manufactured mica products 

PB 350 Rogers Rofico electrical fibre 

PB 581 H & V* Groton wood pulp papers and 

B-148 pressboards 

PB 583 Manning all rag and part rag papers 
and pressboards 

PB 610 Lumarith* cellulose acetate film 

PB 610A Mylar* polyester film 

PB 6108  Ethocel* ethyl cellulose sheeting 

B-73 Respro heat sealing cloth 

PB 680A (pow Corning* silicone insulating var- 

PB 680B í nishes, grease, resins, adhesives, 

PB 680C compounds, and Silastic* pastes 

PB 680 Dow Corning* Silastic* R) and supra 
tape 

PB 710 Pedigree insulating varnishes, sealers, 
adhesives, shellacs, compounds, and 
paints 

PB 750A ) Vartex* varnished cambric, glass, silk 

PB 750B and asbestos cloth and tape and var- 

PB 750C nished paper 


P8 750D 
PB 750E 


PB750  Varsil silicone resin or rubber coated 
glass cloth and tape 
B-174  Vartex* Teflon* coated glass cloth 
PB 750G ) Varslot and Varlar combination insula- 
B-167 tions made with rag paper, fishpa- 
B-168 per, asbestos paper, varnished cam- 
bric, varnished glass, or Mylar* poly- 
ester film 
PB750F Vartex* resinous sheeting and tape 
B-119  R/M Teflon* tubing, rods, and tape 
PB 880 Insulation classes 
Other products include imcor* asbestos paper, 
Imcor* and Plymouth friction and rubber tapes, 
and Respro Voltape. 
*Registered trademarks, U. S. Patent Office. 
Inmanco products are manufactured exclusively by 
IMC. Inmanco, Wedgie, Imcor, Dieflex, and IMC 
are exclusive IMC trademarks. 


Publications Department, PEH 
Insulation Manufacturers Corporation 
565 West Washington Boulevard 
Chicago 6, Illinois 


Yes, send me the free catalogs and bulletins 
indicated by the publication numbers | have 
listed on the right. 


Company 


LIST PUBLICATION NUMBERS 


BELOW 


Dayton, Detroit, Mil- 
waukee, Minneapolis, 
Peoria, and Pittsburgh. 


Street Address. 


City Zone. State 
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Syuchnro-Start 
AUTOMATIC ENGINE CONTROLS 4 


FULL AUTOMATIC CONTROL SETS 

For gasoline or diesel engines and providing automatic start, 
stop, and safety protection. Individual signals warn of any 
engine failure. 


876” high 136” wide 42” deep 


SAFETY ALARM SETS 


Have visual signals plus an audible alarm in case of any abnor- 
mal engine condition. Can be furnished with automatic shut-down 


7%” high 5%” wide 3⁄4” deep 


SD SOLENOIDS—D.C. ONLY 


A heavy duty solenoid in standard and special voltages up to 
120 volts D.C. Available with terminals or standard air craft 
type AN connector. 


4%” long 22” diameter 


SS SOLENOIDS—D.C. ONLY 


Continuous duty solenoids for operating throttles, chokes, fuel 
pump racks, etc. Available with various fittings and connectors 


454" long 3%” diameter 


GH SERIES GOVERNORS 


For standard SAE tachometer drive take-off and available 
with one or two speed sensitive switch operations. 


6” long 2'6” diameter 


GS SERIES GOVERNORS 


For standard distributor take-off to accommodate gear or 
coupling drives and performing one or two speed sensitive 
switch operations. 


7 4 M long He” diameter 


OIL & WATER SWITCHES 


Oil pressure switches forlow oil pressure protection—lmmersion type 
water switches to operate at any predetermined temperature 


Oil 3%” long 2%” diameter 


Water 47/4" long 2⁄4” diameter 


SPECIAL ENGINE CONTROL PANELS 


Custom built panel boards or cubicles for any desired engine 
control operation, emergency power or load transfer control. 


66” high 22” wide 12” deep 


STARTING MOTOR CONTACTORS 


Relays designed to carry large amounts of current for cranking 
the engine. Variations are manufactured to fit individual needs 


4%” high 59A." wide 2*5" deep 


j pini 
JUNCTION BOX Eee arcc 


A numbered terminal bar enclosed in a steel case with bolt-on 
cover and knock-outs for conduit wiring. 


42” high 11” wide 2%” deep 


Syuchno- Start Products Fue. f Mfrs. of Automatic Engine Controls Since 1932 


f 8151 N. RIDGEWAY AVE. 
i SKOKIE, ILLINOIS 
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Send your blueprints š * Triple "M" makes 
to the Electric Motor Maker's Precision Molded Components 


No. 1 Source for Precision-Engineered for Top Names in the Motor Industry 


BRUSH nÜLDERS d GA BRUSH CAPS 
» —— 


Melding : | AND MANUFACTURING COMPANY 
AND MANUFACTURING COMPANY | 4630 W. Fullerton Avenue 


4630 W. Fullerton Avenue Chicago 39, Ilinois 


Chicago 39, —— 
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CATALOGS AND BULLETINS 


(L-1) HYDRAULIC 
MOTORS—N. Y. 

Bulletin 139, 4 pp. 
tures and gives selection data for the 


PUMPS AND 
Air Brake Co. 
Points out fea- 
complete line of oil hydraulic pumps 
and motors. Large cutaway view shows 


Also 
tion charts for pumps and motors, plus 


features of the unit. has selec- 


a recommended drive speed. 


(L-2) MINIATURE CLUTCHES— 
Miniclutch Co. Bulletin, 4 pp. depicts 
a line of roller 


miniature, one-way 


clutches, which permit drive in one 
direction with free-wheeling action in 
the opposite direction. Design and 
installation and dimensions 


given for roller assembles as well as 


data are 
complete clutches. Information on the 
essential details of mating parts is also 
indicated. Typical applications of one-, 
two- and three-clutch assemblies, with 
photographs and drawings, are in- 


cluded. 


(L-3) HYDRAULIC SERVO PUMP 
—Vickers, Inc., Booklet SE-15, 20 pp. 
Has a detailed description of the elec- 
tro-hydraulic servo pump and its sub- 
assemblies. Has sinusoidal velocity re- 
sponse; amplitude and phase graphs 
for each model, and graphs showing 
transient velocity response. Has col- 
ored diagram showing hydraulic trans- 
mission, showing all feed-back systems 
and all components. 


(L-4) CENTRIFUGAL & TURBINE 
PUMPS—Aurora Pump Co., Booklet, 
8 pp. A selection guide and index to 
a line of centrifugal and turbine 
pumps. Illustrates and gives specifi- 
cations for each model, and has a 
color selection table showing how 
many gpm each type of pump and will 
deliver under various head capacities. 


(L-5) MECHANICAL SEALS— 
Crane Packing Co. Bulletin S-204-1, 
12 pp. Gives complete data on: gen- 
eral purpose seals; automotive water 
pump seals; cartridge type high pro- 
duction unit seals; high pressure, hy- 


draulically balanced seals; seals for 


corrosive high temperature services; 
and high speed closures. Has many 
cross-sectional and cutaway views of 
each type showing construction. 


(L-6) HYDRAULIC COMPO- 
NENTS—Blackhawk Mfg. Co., Bulle- 
tin 3B, 4 pp. Complete data on a line 
of: hydraulic power units, including 
the electric, hand-operated, and power- 
piston-type pumps, 
both 15 hp, 6 piston wobble plate 


pump, and the 5 hp twin-piston pump; 


driven models; 


selector control valves; hydraulic rams; 
and auxiliary valves 


(L-7) INTRICATE SPRINGS—The 
Peck Spring Co. Booklet 2500, 6 pp. 
Has design data on small extension 
and compression type springs in sizes 
up to 0.156 in. wire, in shapes in- 
cluding tapered, cone, combination 
tapered and straight sections, concave, 
convex, plus special ends and loops 
Also covers torsion springs up to wire 
size 0.080 in., and a line of slide forms 
and flat springs. 
and photos of all types, plus a set of 


Has line drawings 


curves to aid 


spring. 


in specifying correct 


(L-8) HOSE FASTENER 
Mfg. Co., Engineering Folder 1, 4 pp 
Lists advantages of a new hose fastener 
made in one piece that is reusable and 
which can be applied with a pair of 
pliers. Used on machine tools, air 
lines, automobile engines, and welding 
equipment. Chart gives sizes, material 
and other data. 


- Eaton 


(L-9) LEATHER & SYNTHETIC 
RUBBER PACKINGS—Graton & 
Knight Co., Catalog 201, 60 pp. Dis- 
cusses the types of mechanical pack- 
ings and application of cup, flange, U, 
and V packings. Under leather pack- 
ings it discusses dimensional data of 
the above types plus crimps, water-well 
cups, valve leathers, and special pack- 
ings. Under synthetic rubber packings 
it gives general properties and charac- 
teristics on the above mentioned types 
Has many illustrations, cross-sectional 
views, and charts 
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(L-10) CONTROL VALVES—Rob 
ertshaw-Fulton Controls Co., Catalog 
200, 48 pp. Has complete data on 
Marotta valves, devices used for elec 
trical (d-c) or pressure control of a 
variety of fluids including air, alcohol, 
fuel, white fuming nitric acid, liquid 
oxygen, hydraulic fluids, and others 
Has illustrations and descriptions, plus 


installation drawings and flow curves 


(L-11) BACK-UP RINGS—Resist 
flex Corp., FR-1, 4 pp. Gives the ad 
vantages of Teflon spiral rings for back 
ing up O-ring seals in hydraulic and 
temperatures, 
temperatures. 


particularly 
With illus 


trations it contains dimensional specifi 


pneumatic 
at elevated 


cations, and sizes available 


(L-12) ALUMINUM SHEET & 
PLATE—Kaiser Aluminum & Chemi- 
cal Sales, Inc., Handbook, 152 pp. In- 
cludes discussions of the properties of 
aluminum, applications of sheet and 
plate alloys, fabrication and finishing 
methods, plus tables covering avai 

abilities, properties, and other infor 
mation. One page is devoted to each 
standard alloy, giving mechanical prop 
erties and specific qualities 


(L-13) PRECISION ALUMINUM 
EXTRUSIONS—Precision Extrusions 
Co., Catalog, 96 pp. Under general in- 
formation it gives the advantages of 
the available 
alloys and specifications. Covers com- 


pletely: architectural, 


process, tolerances, and 


furniture, and 
standard moldings; structural shapes 
and all shapes of tubing. Has illustra 


1 


tions, dimensions, and 


data of all parts 


engineering 


(L-14) FERROUS CASTINGS 

Belle City Malleable Iron Co., Booklet, 
26 pp. Called the Ladle and Mold, it is 
a reference work on ferrous castings, 
the properties of the different types, 
and the methods by 
produced. Has many tables, including 
a comparison of 


which thev ar« 


yield and tensile 
strengths and other physical proper- 


ties. Also has many photographs 
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Catalogs and Bulletins continued 
(L-15) LIGHTWEIGHT  STRUC- 
TURAL MATERIALS — Rolle Mfg. 
Co., Booklet, 16 pp. Discusses the use 
of lightweight structural materials, in- 
cluding aluminum, magnesium and 
Fiberglas in product design. One sec- 
tion is devoted to Fiberglas lamina- 
tions, how they are molded and impor- 
tant factors in their design. Methods 
of forming metals are discussed in de- 
tail, with stress on sand and permanent 
mold casting procedures. 


(L-16) NONFERROUS ALLOY 
SPECIFICATION — Shenango-Penn 
Mold Co., Bulletin 154. Has a detailed 
alloy chart showing comparative speci- 
fications, chemical analyses, and the 
minimum physical prcperties of non- 
ferrous alloys. Castings available in 
metals including: tin; bronzes; alumi- 
num bronzes; manganese bronzes; 
brass; silicone bronzes; special alloys; 
and Monel metals. Also has a compari- 
son between Navy, Military, Federal, 
SAE and ASTM specifications. 


(L-17) AIR CLEANER—Logan En- 
gineering Co., Catalog 252, 8 pp. De- 
scribes the Aridifier, a mechanical 
92 percent of 
oil, moisture and dirt from compressed 
gas and air lines. Explains operation 
and installation, 


cleaner that removes 


section 
view, curves showing capacity of dif- 


has cross 


ferent size units, and other data. 


L-18) RUBBER LINED PUMPS— 
Denver Equipment Co., Bulletin P9- 
B8, 20 pp. Lists all parts, and shows 
in exploded views a line of rubber 
lined sand pumps, with capacities to 
2400 gpm. Shows sectional views, lists 
clearance and foundation dimensions, 
specific gravity of pulps, friction of 
water in pipes, capacities, a. motor 
table, and 


maintenance instructions. 


selection installation. and 


L-19) STEEL CASTING SELEC- 
TION GU'JIDE-—Lebanon Steel Foun- 
dry, Slide Rule. Called the circle L slide 
chart, it gives facts on steel casting 


material 


selection and reference data 


1 


on 19 carbon and low alloy grades, 


and 17 stainless and corrosion resistant 
grades. Adjusting to the proper grade 
gives the nominal analyses, the mini- 

um mechanical properties, and the 
heat treatment. Also gives comparable 
ACI, AISI, ASTM, Hydraulic Institute, 
SAE, Military, and Federal designa- 
tions. 


(L-20) ALUMINUM MILL PROD- 
UCTS—Reynolds Metals Co., Booklet 
G3-17-853, 12 pp. Has data on the 
characteristics of aluminum, standard 
alloys, tempers and sizes of sheet, plate, 
wire, rod, bar, tubing, pipe, and ex- 
truded shapes. Also lists an alloy selec- 
tion guide for both wrought and cast 
alloys. Has alloy selection guide, appli- 
cations and illustrations. 


(L-21) HYDRAULIC SERVO SYS- 
TEMS—Standard Controls, Inc., Bul- 
letin 6, 4 pp. Presents a discussion of 
servo fundamentals as related to the 
hydraulic control field. Gives the ad- 
vantages of pressure-control in the de- 
sign of control 
Graphs give open loop frequency char- 
acteristics for a position servo and a 


automatic systems. 


velocity servo 


[1.22 


£4 ) 


AIR & HYDRAULIC COM- 
PONENTS—Pathon Mfg. Co. Bul. 
letin, 8 pp. Information on a line of 
air cylinders, hydraulic oil cylinders, 
and directional hydraulic 
valves. Has illustrations and complete 
specifications for the various types of 
mountings of the cylinders, and all 
technical data for the control valves. 


control 


(L-23) HYDRAULIC EQUIPMENT 
-John S. Barnes Corp., Catalog, 160 
pp. Has important data on: gear 
pumps; pumps;  roto-blade 
combination pumps; direc- 
tional valves; pressure valves; orifice 


piston 
pumps; 


valves; cylinders; auxiliary structures; 
panels 
power 
press type hydraulic structures; and 
solenoids. Has complete information, 
including colored cross-section and 
cutaway views, line drawings and spec- 
ifications of all subjects covered. 


structure combination and 


units; printing press units; 


(L-24) SOLENOID VALVES—J. D. 
Gould Co. Bulletin 500, 4 pp. Illu- 


strates and describes a complete line 
of solenoid valves for automatic or 
remoce contol of steam, air, gas and 
liquid flow. Described are 25 types of 
solenoid valves with details on their 
applications, operations, specifications, 
design and construction. Models range 
in size from 4 to 3 in. and handle 
pressures up to 1200 psi (steam to 
150 psi). 


(L-25) RUBBER O-RING SEALS— 
Minnesota Rubber and Gasket Co., 
Booklet, 16 pp. Gives in detail data 
on the production and applications of 
rubber O-ring seals. Included in the 
booklet are sections on end products, 
O-ring sizes, dash numbers and vari- 
able tolerances, dimension data for 
installation of standard size O-rings, 
cross-sectional drawings of correct and 
incorrect installations, and methods of 
utilizing O-ring sealing properties. 


(L-26) LINE TYPE PURIFIERS— 
The V. D. Anderson Co. Bulletin 201, 
á pp. Discusses the removal of: mois- 
ture and scale in steam; oil, dirt, con- 
densate from exhaust steam; conden- 
sate from air lines; dirt and line scale 
from steam in food processing opera- 
tions. Has charts to simplify the selec- 
tion of purifier for the best efficiency 
at various flows and pressures. Also 
contains installation diagrams, and 
steam and air flow curves. 


(L-27) UNALLOYED TITANIUM 
—Mallory-Sharon Titanium Corp., 
Booklet, 4 pp. Gives properties of this 
material as a result of a new double 
melting process. Also contains recom- 
mended techniques for fabricating and 
forming titanium sheet. Sheets have 
the same characteristics throughout, 
and the carbon content of the material 
can be controlled. 


(L-28) HYDRAULIC 
DEVICES—Fluid Controls Inc., 
Booklet, 4 pp. Illustrates and de- 
scribes three general classifications of 
hydraulic and devices made. 
Illustrations of valves, plus applica- 
tions on material handling equipment, 
machine tools, and testing equipment. 


VALVES & 


valves 


MORE New Catalogs and Bulletins 
are described in each of the 
sections of your HANDBOOK 
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Stock diameters from 3$" to 214"; lengths, from 
1” up to 60"; capacities, small up to 85,000 
pounds. All ASF springs are completely heat- 
treated and tempered, and can be shot-peened 
to prevent development of fatigue cracks. 


SAFETY 5'" WHEELS 


The ASF Safety 5th Wheel has assured a new 
standard of safe, economical tractor-trailer 
operation. Exclusive features, such as a rubber- 
backed jaw that helps prevent buildup of slack 
and backlash, are reasons why this 5th wheel is 
standard equipment with so many leading fleets. 


Ww 


PINS, HEAVY BOLTS 
and BUSHINGS 


ASF has specialized facilities for producing pins 
of practically any size, alloy, shape or degree 
of finish you require, including the latest equip- 
ment for induction hardening. Also completely 
equipped for producing bushings, from 1” I.D. 
up to 4” O.D., and heavy bolts, upset, heat- 
treated and machined. 


Seeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeee 


UPSET and DROP FORGINGS 


ASF can furnish you forgings that are heat- 
treated ... “rough’’ or precision-machined . . . 
as separate parts or as assemblies. Rarely do 
you find a forging producer with such a diversi- 
fied service to offer. 


To the man who influences design and development . . . 


These ASF products can make 
your job easier! 


If you're looking for a supplier who can accept 
responsibility . .. who can show initiative on 
problems of “Engineering in Steel”... it will 
pay you to investigate American Steel Foundries. 
We offer manufacturers a complete service on 
springs, pins, heavy bolts, bushings and forgings 
—as well as completely assembled components 
such as ASF Safety 5th Wheels for truck fleets. 


By "service" we mean the often-demonstrated 
ability to work for or with product designers in 
solving application problems ... and the facili- 
ties to furnish these products in small or large 
quantities, completely machined and ready for 
your production lines. If your problem involves 
any of the products shown above, write us today. 
Our experience can be of help to you! 


AMERICAN STEEL FOUNDRIES 


410 N. Michigan Avenue, Chicago 11, Illinois 


Product Engineering — 1955 Annual Handbook 





! 


MEYERCORD 


2222 DECALS 
Help You DESIGN 
Your Product 


Here's a way to shave production costs all up and 
down the line . . . starting in the blueprint stage . . . 
a complete and continuous service to you and every- 
one in your organization concerned with product 
development and merchandising. 


Meyercord Nameplate Decals identify your prod- 
uct and instruct consumers in its use. We produce 
Meyercord Nameplate Decals for any commercial 
surface . . . for amy temperature condition . . . for 
any wear tolerance ... for amy production run, short 
or long. And we take over the design problem 


Your Meyercord representative gladly will show 
how our decals surpass any other nameplate iden- 
tification for ease and speed of application . . . with 
low unit cost. He'll show you how to cut time, la- 
bor, and material costs on your present production 
line . . . and he'll place our laboratory at your serv- 
ice, to study your problems, to test, and to make 
specific recommendations that will save you money 

. all without obligation, of course. 


FREE! "MARK-1T" MANUAL 
OF DECAL NAMEPLATES 


Send today, on your company let- 
terhead, for this valuable full-color 
guide to every industrial problem in 
marking, identification, instruction, 
and information. Gives you hun- 
dreds of new ideas for the applica- 
tion of decals to your products. 


THE MEYERCORD CO. 


DEPT. A-326,5323 WEST LAKE STREET +» CHICAGO 44, ILLINOIS 
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Men-E-Uses 


VARIABLE SPEED POWER DRIVES 
for all 1⁄4 to.2 H.P. Motors 


Men-E-Uses Speed Reduction 
Units eliminate the need for 
single-purpose 


costly, power 


drives. Each model provides a 
wide range of reductions . . . 
can be easily adapted from 


one use fo anofher. 


2 MODELS 
provide a 
COMPLETE RANGE OF 
SPEED REDUCTIONS 
from 1 to 750 


r.p.m. 


Men-E-Uses are complete in- 
cluding countershafts, mount- 
ing brackets and bases. 
Model 1 
4 to 750 r.p.m. 


$29.00 
Model 2 
1 to 150 r.p.m. 


$68.00 


NEW FOLDER gives complete in- 
formation and engineering data 

. shows typical uses and in- 
stallations. Write today for your 
copy. 


NEW STANDARD DIVISION—U.S.E. YORK, PA. 





PLASTIC MOLDED KNOBS 


FOR INSTRUMENTS, APPLIANCES, ETC. 


2 


From Stock Molds e No Tool Charge e Fast Delivery 


Huge selection of shapes, sizes and colors available from Rogan’s 
stock molds. No tool charge, fast delivery. Markings can be 
branded to your specifications. Save time, save money, use 
Rogan’s stock molded plastic knobs. Send for free catalog. 


ROGAN BROTHERS 


8025 N. Monticello Ave., Skokie, Illinois 
Lu u Si w SS Gi S sa 


Product Engineering — 1955 Annual Handbook 





different types of 
TRI-CLOVER fittings 
used to solve specific 
Corrosion-Resistant 
piping problems for 

ELI LILLY & COMPANY 


va Eli Lilly’s modern, efficient pharmaceutical 


plant at Indianapolis serves as an excellent 
example of the way in which some of the many 
types of Tri-Clover Stainless Steel Fittings are 
utilized to solve specific corrosion-resistant 
liquid conveying line problems. 

With Tri-Clover and Eli Lilly engineers 
working together, the most efficient, 
economical type of fitting and line assembly 
was determined to meet each individual 
process requirement. 

With a complete line of all types of 
highest quality stainless steel fittings, valves, 
pumps and tubing, plus experienced engineering 
service, Tri-Clover is extremely well qualified 
to help you solve your corrosion-resistant 
piping problems. 


Call or write for further details. 


See your nearest 


TRI-CLOVER DISTRIBUTOR 


LADISH CO. 
Tnri-Clauer Diuision 


KENOSHA WISCONSIN 





"Msi ss EXPORT DEPARTMENT—8 So. Michigan Ave., Chicago 3, U.S.A. 





from any point 
of view 


you'll do better 
with 
New, Improved © 


You'll find it easy to do better work with 
new, improved Arkwright Tracing Cloth — and 
here are three specific reasons why: 
1 You can re-ink razor-sharp lines over any 
erasure without “feathering” or “blobbing” 
2 You're never slowed down by pinholes, 
uneven yarns or other imperfections. 
3 You can always count on clean, 
clear reproduction—even years after 
you make the drawing. Arkwright 
Tracing Cloth is permanently 
transparent—won't turn opaque, 
brittle or paper-frayed with age. 
They're important reasons for putting 
your best work on Arkwright Tracing 
Cloth. Like a sample? Write 
Arkwright Finishing Co., Industrial 
Trust Bldg., Providence, R. I. 


ARKWRIGHT 
“ee (dtr | 
AMERICA’S STANDARD gi 


Catalogs 


and 


Bulletins 


Request additional information using 
postcards following page 24 


(M-1) DRAFTING MACHINES— 
Charles Bruning Co., Booklet A-2000, 
20 pp. Presents a complete mechani- 
cal description of the various drafting 
machine models including gravity com- 
pensated, track type, civil engineer- 
ing, and detail machines. Each part is 
shown in detail The latest types of 
scales and styles of graduations avail- 
able are also shown. 


(M-2) COMPLEX PLANE ANA- 
LYZER — Technology Instrument 
Corp. Bulletin, 6 pp. Complete infor- 
mation on the type 250-A complex 
plane analyzer, a computer for Net- 
work Analysis and control system de- 
sign. A detailed description of the 
instruments theory and operation is 
included along with lists of specifica- 
tions and features. Has illustrative ex- 
amples of different problems. 


(M-3) REPRODUCTION MATERI- 
ALS—Eastman Kodak Co. Booklet 
F1-36, 24 pp. Information on the char- 
acteristics of reproduction materials, 
with new sections on projection posi- 
tive paper, and microprint paper. Has 
data on sheet sizes, roll sizes, and pack- 
ings. Contains many illustrations. 


(M-4) NON-DESTRUCTIVE TEST- 
ING—Magnetic Analysis Corp. Bul- 
letin 10, 8 pp. Illustrates and describes 
the multi-method equipment for non- 
destructive testing of ferro-magnetic 
bars, wire rods, and tubing, at high 
rates of speed. Has illustrations of vari- 
ous types of flaws. 


(M-5) FURNACES FOR TENSILE 
TESTS—Labquip Corp., Booklet, 4 
pp. Information on tubular furnaces 
used for tensile tests, and the control 
panels, used with the furnace. Tem- 
peratures up to 2,000 F and higher 
with special heating element. 
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what's our I 


it's these 


CLAMPS 


From our famous AERO-SEAL Hose Clamps 
with precision worm gear drive — with scores of 
industrial uses — to custom-built special purpose 
clamps to withstand heavy pressures, extremes 
of temperature and vibration, and to resist 
corrosion. Any design, any metal, any quantity. 


JOB ENGINEERED BELLOWS 


Breeze special-design welded diaphragm bellows 
function where ordinary formed bellows fail 
. . . Stand up longer under critical conditions 
of heat, cold, vibration and pressure. As expan- 
sion joints, steam lines, valve seals, pressure 
switches, flow control and other applications. 
Write for our form B-100, 


precision products 
for industry... 


SPECIAL PRECISION DRIVES 


An outstanding Breeze specialty is special- 
purpose mechanical drives and transmissions, 
including Tee Drives, precision gear boxes and 
torque tube drives . . . all types of electro- 
mechanical actuators, built to meet rigid require- 
ments of aircraft uses. 


FLEXIBLE METAL TUBING =~ SHIELDING 


For electrical shielding, conduits and ducts, 
pressure lines, high and low temperature ap- 
plications. Material, shapes and sizes to your 
specifications. This is our prime specialty. 25 
year’s experience, 


Breeze is an engineering and design organization, with superb 
manvfacturing facilities for precision equipment and custom-built 
components. We invite any problem in product improvement. 


CORPORATIONS, INC. 


700 LIBERTY AVENUE, UNION, N. J 
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DUTCH BRAND SPONGE RUBBER 


meeting ASTM Specifications 


J j l 


four densities . . . standard black 
and colors . . . rolls. . . sheets . . . strips... 
die cut forms with or without 
adhesive to specification 


Those who use sponge rubber in manufacturing will find wide 


selection in DUTCH BRAND Sponge Rubber thicknesses, densities, 
colors and forms. Die cut pieces can be had to specifications. Ma- 
terial is also available with adhesive for quick application. Five 
colors is an aid in developing product appearance. In many local- 


ities DUTCH BRAND Sponge Rubber can be had through your | 


Industrial Distributor. 


No. 3832 Soft Density 
No. 4022 Medium Density 
No. 4030 Firm Density 

No. 4031 Hard Density 


Natural Rubber ASTM Specifications 


No. D1056-52T 


Neoprene 
No. 3399 Soft Density 
No. 3394 Medium Density 


Sc12 
SC14 
COLORS 
1. Standard Black 2. Brown 3. Gray 4. Red 5. Green 
Other colors available where quantities warrant 


THICKNESSES 
1/8 inch to 1 inch inclusive 


For SAMPLES —Request on Your Letterhead 


0. D EM S T B 


TEFLON by SPARTA 


Aut f 


LE 
WASHERS, DISCS, GASKETS 


(THICKNESS AS DESIRED FROM LOW THOUSANDTHS) 


SEND US YOUR 
INQUIRIES { 


— 


EA SPECIAL TEFLON 
SHAPES ARE OUR 
SPECIALTY. 


If you have a problem concerning sealing, 
non-friction, non-adhesion, chemical inertness, 
temperature, electrical or other . . . that one 
or more of the remarkable combinations of 
properties of TEFLON can help you solve, 
let us try to help. 


‘SPARTA MANUFACTURING 


Company * EAST SPARTA, OHIO 


vE/OY 
L0 ` h EFFICIENT, 


ë 
x I LONG LASTING 
Transmission 


Equipment 


ECONOMICAL IN COST 


EASILY INSTALLED 





FLEXIBLE COUPLINGS: 

No lubrication required. Provide 
positive protection against vi- 
bration, torque, shock of inter- 
mittent loads. Cushions changed 
without shutdown, Sizes from 
fractional hp. at up to 1750 
rpm. to over 2400 hp. at 1200 
rpm. and higher. 


| VARIABLE SPEED PULLEYS: 
Quickly installed on new or 
old equipment. Change speed 
while machine is running. Ratios 
to 3 to 1. Fractional 10 hp. 
SELECT - O - SPEED TRANS- 
MISSIONS: Economical as 
compared to other variable 
speed transmissions. Instant 
speed adjustments. Hand wheel 
or lever control. Ratios to 10 to 

| l. Fractional to 5 hp. 


UNIVERSAL 
JOINTS: 


Precision ground. Finest alloy 
steel. No binding, backlash or 
end play. 13 sizes. Wide oper- 
ating angle. Bores !4 to 2 in. 
Lengths 2 to 105$ in. Hub 
diameters ‘2 to 4 in. 

Send for catalog and engineering data 


LOVEJOY FLEXIBLE COUPLING CO. 


| 4964 W. Lake St., Chicago 44, Illinois 
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How the design, development and production team at Burgess-Norton made possible 


variations, . 


COMPLETE FACILITIES 


Cost dawina TT 
hs (huh y € 


Here is another example of how redesign 

for modern production methods produced a better part 
at lower costs. This clutch hub was formerly 

made from a machined forging. By combining a 
screw machined part and a stamping through hydrogen- 
copper brazing, as shown below, production costs 

were reduced 17% . . . greater control on flange 
tolerances obtained, and eight stop lugs could be used 


instead of only four. 


f 
i 
| 
| 
| 


—Ó— 


+ 
f 
| 


Mv LET. 


oxidation. 


FROM DESIGN THROUGH PRODUCTION FOR BETTER PARTS AT LOWER COSTS 


- 


Engineering is one of the important 
cogs in the complete service offered 
to industry by B-N. This experienced 
group works closely with produc- 
tion and metallurgy in designing for 
low cost manufacture and better 
end-use performance. 


Burgess-Norton facilities and equipment are extremely diversified 
for the economical production of a wide range 

of precision parts, and include complete 

engineering, development, and metallurgy departments. 

This engineering service is available to you without obligation. 

If you have a parts production problem, 

we believe it will pay you to check into Burgess-Norton facilities. 
Send prints, specifications, or samples . . . or, if you prefer, 

one of our sales engineers will call, at your convenience. 


Burcess-Norton MFG. CO. 
2 eee. V ORs 4 wu M GM NE IM XS 


Serving Industry For Over 50 Years 
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PRECISION 
MACHINES 


for Die-less Duplicating 


BENDING 
MANUAL 


ideas ives exact methods 
arts by or bending processes 
uplicat- in a voriety of ma- 


the money- terials. Over 90 dia- 


time - saving rams and chort 
technique created by ° 1 BRAKES 


with tooling sugges 
tions 


Sent on Request 


O'NEIL-IRWIN MANUFACTURING CO. 


421 tW Ave., Loke City, Minnesota 


miniature 
power resistors 


Dalohm wire wound and depos- 
ited carbon resistors are care- 
fully designed and precision 
manufactured to meet the de- 
mands of the most critical appli- 
cations. Smallest in size and 
offering every other desirable 
characteristic, Dalohm resistors 
are unmatched for accuracy, 
performance and dependability. 


Manufactured in accordance to 


applicable JAN and MIL specifi- 
cations. 


DALE PRODUCTS, Inc. 


1342 28th Street 


Columbus, Nebraska, U.S.A 


BENDERS 
5 hand models 


2 power models 


SHEARS 
4 hand models 
4 power models 


ROD 
PARTERS 
2 hand models 
1 power model 


PUNCH 
PRESSES 
2 hand models 


2 power models 


NOTCHERS 
1 hand model 
1 power model 


10 hand models 


ROLLERS ? 


2 hand 
models 


Type WWA 


HL 
(Deposited Carbon) 


Type RSE 


(Ruggedized 
LU xx | 
HT 


(Deposited Corbon Hermetic 
Seal and Ruggedized) 


IN MECHANICAL 
CONTROL LINKAGES 


The unusual cable shown above 
is Teleflex—the unique “flexible 
rack” that is helping to solve 
mechanical motion problems in 
mechanism design. 


Take an example in the jet 
engine field... 


PROBLEM: A highly accurate mechan- 
ical feedback linkage is required to 
complete a servo system loop. One end 
of the system is exposed to a 350°F 
ambient temperature. 


SOLUTION: A special control box was 
designed, with a hobbed wheel to 
engage the Teleflex cable. A spring- 
loading feature allows for a selection 
of spring loads up to 25 pounds, 
applied in either direction, depending 
on the individual mounting errange- 
ment or system load. One system over 
100 inches long, with 270° of bend, 
had only .022 inches of backlash. 
Under more favorable bend and length 
conditions, another system held back- 
lash down to .005, using a similar 
control box. 


Teleflex tubular conduit, routed 
along contours and around 
obstructions, guides the cable to 
remote locations, duplicating the 
motion at both ends of a system. 
DESIGN ENGINEERS— 
Complete descriptive infor- 
mation is in Catalog 500B. 
Write for your copy to Tele- 


flex, Incorporated, 125 S. 
Main St., North Wales, Pa. 
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There's no limit to what you 
can do with the right tubing! 


make power to light a city... 


There are more than 12 miles of Globe seamless pressure 
tubing (carbon, alloy, and stainless) in this modern boiler 
which is a vital part of the electric power plant that 
serves a large metropolitan community. 


or lift a load of dirt... 


Mounted on a dump truck, these twin hydraulic hoists are 
built to handle heavy loads. Design and production is 
simplified by making the telescoping arms of Globe 
mechanical tubing. 


transfer corrosive liquids . . . 


Black liquor, used in production of kraft papers, is highly 
corrosive and has to be carried under pressure in multiple 
effect evaporators. Gloweld (electric welded) Stainless 
Steel Tubing was found to do the job best—at lowest cost. 


HERE are probably a thousand and one differ- 

ent tube applications that could be made in 
your own products or industry. Check the pos- 
sibilities. Globe engineers will be pleased to give 
helpful advice on how the right tubing — Globe 
tubing — can help you save time, save money, 
save manpower. Write for literature on any of 


these products. 
STEEL 


c, (01501915 roses 


GLOBE STEEL TUBES CO. 
MILWAUKEE 46, WISCONSIN 
Field Offices: Chicago * Cleveland * Detroit * New York 


Philadelphia * St. Louis * Denver * Houston 
San Francisco * Glendale, Calif. 


A quick check list of GLOBE STEEL TUBES 


ALLOY STEEL: to meet heat, seni, 
poene, and structural strength p m 
ems. Carbon Moly, Chrome foly 
Nickel and others. Sizes: O.D. from 
14 to 6 inches. Wall thickness .035 to 
T.000 inch. 


CARBON STEEL: for load bearing struc- 
tural members with strength, least 
weight . . . for fast, low-cost manufac- 
turing of machine parts or pressure 
tubing qp. Low and medium 
carbon. Sizes: O.D. !4 to 7% inches. 
Wall thickness: .028 to 1.000 inch. 


STAINLESS SEAMLESS: in sizes from 1⁄ 
inch to 6 inches O.D., and in pipe aloes 
1% inch to 6 inches, standard, extra 
strong and double extra strong weights. 


STAINLESS WELDED: Gloweld electric 
welded stainless steel tubing. offers 
many economies. Sizes: O.D. 1⁄4 to 5 
inches. In standard wt. pipe sizes 1⁄4 to 
2 inches. In lightweight pipe sizes í to 
41⁄4 inches inclusive. 


jeer ae, IRON: Globeiron tubing 
pure ingot iron. For applica- 
on 2M ductility, toughness, easy 
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weldability and easy forming are de- 
sired or for use where magnetic per- 
meability and electrical properties are 
required. 


SPECIAL ANALYSES: Globe Steel Tubes 
Co. regularly produces tubing to spe- 
cial customer specifications. Consult 
with Globe’s representatives for analy- 
ses to suit your needs. 


GLOBE WELDING FITTINGS: seamless, 
carbon and stainless, available in a 
complete line of sizes and weights 
through Globe distributors in key cities. 


6l 





NEW BOOKS 
General Engineering 


Essentials of Industrial Manage- 
ment by Laurence L. Betbel, Direc- 
tor, New Haven College; Franklin 
S. Atwater, Asst. General Works 
Mgr., The Fafnir Bearing Co.; 
George H. E. Smith, Lawyer and 
Economist; and Harvey A. Stack- 
man, Jr., Pres., Executive Develop- 
ment Council. 6 x 9 in., 449 pp. 
Published by the McGraw-Hill 
Book Co., Inc., 330 W. 42nd St., 
New York 36, N. Y. $5.50. 


Presenting an overall view of in- 
dustrial management, this condensed 
well-balanced, comprehensive new text 
emphasizes coordination as the goal of 
good management. This is achieved 
through effective human relations and 
communications and through the appli- 
cation of scientific principles in the 
planning and development of the vari- 
ous operations and segments of the 
enterprise. 

The authors cover not only the 
technical aspects of industrial manage- 
ment, but also the best approaches to 
managerial problems. Thus, the book 
helps to develop a proper attitude to- 
ward industrial management as well as 
an aptitude for coping with the prob- 
lems it presents. Because industrial 
management must be responsive to 
changes in economic and social con- 
ditions, new developments and chang- 
ing emphasis, the authors review the 
latest trends in the field and stress 
industry's contributions to social gains. 

Each chapter is divided into four 
main sections: presentation of basic 
questions and issues; presentation of 
basic principles; illustration of prin- 
ciples; and case studies for the practical 
application of the principles. 


Mathematical Methods for Scien- 
tists and Engineers by Lloyd P. 
Smith, Director of Department of 
Engineering Physics, Cornell Uni- 
versity. 6 x 9 in., 453 pp. Published 
by Prentice-Hall, Inc., 70 Fifth 
Ave., New York 11, N. Y. $13.50. 


Offering a wide range of mathe- 
matical methods used in solving tech- 


nical problems of scientists and engi- 
neers, this book illustrates the 
conditions under which these methods 
are used. 


The precise statement and functional 
grouping of all methods covered makes 
the book understandable to anyone who 
may lack the analytical and technical 
background of a mathematician. And 
although the author furnishes more 
than an adequate amount of mathe- 
matical material, he excludes any treat- 
ment of Differential Equations because 
of the great amount of material to be 
presented. Rather he shows how ad- 
vanced methods are used in science 
and engineering. 

Each of the many mathematical 
methods presented is illustrated by 
completely worked-out examples, the 
majority of which have been taken 
from scientific or engineering litera- 
ture. Carefully developed sets of 
graded, unsolved problems—also based 
on actual research experience—follow 
each chapter. These exercise problems 
are so presented that the accumulated 
knowledge of methods explained up to 
that point is practically applied. 

Also treated in detail are complex 
variables and their applications, asymp- 
totic expansion, and the representation 
of functions in terms of orthonormal 
functions possessing a continuous 
spectrum are also included. 


Research Operations In Industry 
edited by David Hertz, and A. H. 
Rubenstein. 6 x 8 in., 453 pp. Pub- 
lished by King’s Crown Press, Co- 
lumbia University, New York, N.Y. 
$8.50. 


The material presented includes all 
of the papers (and edited discussions 
of these papers) as presented at the 
Third Annual Conference on Industrial 
Research held at Columbia University 
in June 1952. In this sense, the volume 
is the Proceedings of the Third Con- 
ference. Actually it covers more than 
this. Included is the First Conference 
held in 1950 which emphasized costs, 
budgeting, and economics; the Second 
(1951) had as its theme the use, 


selection, and training of personnel in 
research. In 1952, the general topic 
was “Design for Research Operations.” 

The more than 30 papers and dis- 
cussions of the three years embrace the 
broad fabric of all aspects of the re- 
search administrator's problems.  Be- 
ginning with the Philosophy of In- 
dustrial Research, the sections include 
Economics, Costs, and Budgeting; 
Personnel in Industrial Research; Plan- 
ning of Research Programs; Planning 
of Research Facilities; Design of Ex- 
periment; Operations Research; and 
Communications and Technical In- 
formation Services. 


Review of Current Research and 
Directory of Member Institutions 
edited by E. V. Neilly, Secretary, 
E.C.R.C. 6 x 9 in., 330 pp. Publisbed 
by Engineering College Researcb 
Council of tbe American Society for 
Engineering Education, 103 Me- 
chanical Engineering, Pennsylvania 
State College, State College, Pa. 
$2.50. 


Every two years the Engineering 
College Research Council publishes a 
detailed report covering the research 
projects conducted at member institu- 
tions. This is the most recent edition, 
dated June 23, 1953. 

Each of the 103 member colleges— 
including all the major engineering 
schools in the United States—reports 
the following information: 1) proper 
mailing address; 2) responsible re- 
search authorities; 3) research policies; 
4) number of research personnel; 5) 
annual research expenditures; 6) an- 
nual research income; 7) short courses 
and conferences held at the school, and 
8) current active research projects 
classified according to field. To indicate 
the scope of this edition—it reports 
5,000 research project subjects, costing 
an estimated $65,000,000 per year. 

This directory and review of current 
research projects contains much infor- 
mation of interest to engineering ex- 
ecutives looking for an outside source 
of help and facilities for experimental 
studies and development work. 
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Generai 
Engineering 


General 


Engineering 


Power 
Transmission 


Automatic Solution of Mechanical Problems by E. L. Harder 


Control of Cost of Research and Development Projects by H. J Mechanical 
Finison Parts and Design 
Analysis 


Numbering Systems in the Engineering Department by S. Ulrich 


Functional Aspects of Design by C. L. Bates 
Fastening 


and Joinin 
Break-Even Charts by W. A. Schuette t 


Developments to Watch 


Motors, Engines 
and Controls 


Electrical and 
Electronic 
Components 





From ASME Paper ONE MAJOR DECISION facing marny en- 
gineering groups today is how they can 
best utilize automatic computing and 

* data processing machines. This decision 

l : tomatic requires evaluation of the potentialities 
of different machine techniques in han- 

dling the class of problems involved 


and how far to go in automazation of 
all data handling and computation. The 


. 
decision is difhcult since the factors 
u 10n O change almost daily 
The analog computer :s primarily of 


interest in engineering although some 

applications have been made to eco 

e nomics and other sciences. Digital 
Mechanical computers, including data processing 
machines, however, enter all phases of 

industry, government, and science. All 

these fields require the processing of 

data and have many elements in com- 


mon with engineering research and dc 
! O CÍ ] iS sign calculations. All these applications 
require extensive storage for numbers, 


rapid arithmetic calculations and con 
venient facilities for entering the given 
data and presenting the results in the 
E. L. HARDER most useful form. 
Director of Anslytical Section In addition to the calculative func 


Westiaghenes Blestrie Corporstisa tion, direct control functions of both 
digital and analog computer devices are 


being developed at a rapid rate. Among 


Fig. 1—IBM Card Programmed Calculator 
installation. The CPC is a combination of 
an electronic calculator and a tabulator. 
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the better known are gun or missile 
directors, the antopilot, protective re- 
lays, regulators, and process controls. 
The digitally controlled milling ma- 
chine, utilizes a computer to transform 
the digitally-stated conformation of the 
finished piece into machine motions. 
Many other ambitious projects are 
being studied. 

Eventually all these uses may form 
an interlocking pattern with many joint 
uses, and the method of solution itself 
will be influenced by the requirement 
of using equipment in other operations. 


ANALOG COMPUTERS. (Refs. 1, 2, 3, 
4). In the field of analog computers, 
the electrical analog computer is the 
most widely used. It is suitable for a 
wide class of engineering problems. 
The solution of most of these problems 
can be put in the form of Fig. 2, in 
which a force acts on a system or struc- 
ture and the response is the desired 
answer. 

The first block in Fig. 2 represents 
fercing functions. The general — 
computer is equipped with electrical 
devices that can generate all manner of 
functions of the independent variable. 
By means of these devices, initial and 
boundary conditions can be represented. 
Square waves, ramp functions, steady 
or varying oscillatory forces can be pro- 
duced as well as arbitrary functions. 

The second block represents the 
analog of the system to which the force 
is applied. Basic analog elements in- 
clude resistors, inductors, capacitors, 
transformers, amplifiers, potentiom- 
eters, and non-linear devices such as 
multiliers, clippers, photoformers, satu- 
rating inductors and the like. By means 
of these elements and devices and an 
applied technology, analogs can be 
produced for a wide class of mechani- 
cal problems. The analog must have the 
same differential equations as the sys- 
tem under study. 

The third block represents the meas- 


System 
analog 


Forcing 
function 


uring equipment. For steady state prob- 
lems such as vibration analysis, meters 
and oscillographs recora both the input 
and output quantities. For transient 
problems, two general techniques are 
in use, the "repetitive" and the "single 
shot" methods. In the repetitive tech- 
nique, a synchronous switch repeats the 
entire phenomena with a repetition rate 
of 10 to 60 times per second. The solu- 
tion then repeats also and is displayed 
as a standing wave on the oscillograph. 
The "single shot" technique generally 
uses one to several seconds for the solu- 
tion time, the results being recorded on 
a Brush recorder or equivalent device. 

A number of electrical analog ma- 
chines (Ref. 5) have from 5 to 20 or 
30 feedback amplifiers that are used for 
transfer functions such as integration, 
addition, subtraction, and sign reversal. 
These amplifiers are sometimes called 
electronic differential analyzers since 
their use in solving ordinary differential 
equations parallels closely that of the 
mechanical differential analyzer. The 
cost of such amplifiers, however, is 
much lower, the speed much greater, 
and the accuracy slightly less. These 
computers also employ servo-driven 
potentiometers for multiplying and 
arbitrary functions, resolvers for circu- 
lar functions, and a limited number of 
passive elements. 

Electrical analog machines are pri- 
marily employed for solving the 
ordinary differential equations, both 
linear and non-linear, arising in con- 
trol systems and simple mechanical 
structures. These machines, within the 
scope of their number of elements, can 
be used for partial differential equa- 
tions, when these are broken down into 
a number of partial difference—or 
ordinary differential equations. 

For extensive mechanical problems 
(Ref. 6), passive elements are used 
except where an energy source is 
needed. The problem of maintaining 
in adjustment several hundred induc- 


output 
devices 
Meosuring 
equipment 
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tors, capacitors, resistors and trans- 
formers is infinitely simpler than a 
corresponding number of feedback 
— that could theoretically per- 
form equivalent functions. 


DIGITAL COMPUTERS. The basic ele- 
ments and organization of a digita! 
computer are indicated in the block 
diagram of Fig. 3. The heart of the 
machine is the arithmetic unit, which 
performs arithmetic and logical opera- 
tions at high speed. À memory stores 
the data, the intermediate results, the 
answers, and the program of operations 
required to carry through the problem 
The central control unit acts in response 
to the program to effect the proper 
routing of numbers and to control the 
operation of the other elements of the 
system. Input-output equipment feeds 
the data and program in and the 
answers out. Digital computers differ 
in the type and extent of facilities used 
for each of these functions. 

Commercially available general pur- 
pose digital computers fall generally 
into two categories, medium power, 
and large power. In the medium power 
field, two types of machines pre 
dominate; the IBM Card Programmed 
Calculator (CPC), and the drum cal 
culator. 

The IBM Card Programmed Calcu- 
lator (Ref. 7) has come into wide- 
spread engineering use in the last five 
years. The CPC installation at the East 
Pittsburgh plant of the Westinghouse 
Electric Corporation is shown in Fig. 1. 
It is a combination of two other IBM 
machines. One is an electronic calcu- 
lator capable of 60 to 180 program 
steps, which are wired on a removable 
panel. This calculator is designed for 
"parallel calculations" such as payroll 
where the same calculation is to be 
made on large numbers of sets of data 
with but limited modifications. The 
second machine is a tabulator; it reads 
cards, does accumulating in registers 


Interno! 
memory 


Central 
control 





and prints on paper at high speed 
either from cards or from registers. 
When used in conjunction with the 
electronic calculator, the tabulator reads 
both data and instructions from the 
cards. The 60 to 180 program steps 
of the electronic calculator are grouped 
into basic operations that add, subtract, 
multiply, divide, extract square root, 
and produce exponentials, trigonomet- 
ric functions and the like. The tabula- 
tor selects the proper operation depend- 
ing on the instructions in each card. 
One to five electromechanical storage 
units of 16 ten-decimal digit numbers 
each are added to provide a number 
storage. These numbers are available 
at a speed of 150 cards per minute. 
In operation, the data cards are 
usually fed first, storing the data in the 
memory. Then the program cards are 
fed producing the desired series of 
calculations and printing the answers. 
The program cards are then saved for 
the next — of the same type. 
Thus a library of program decks is 
built up for handling the various com- 
putations to be run on a particular 
installation. 
The CPC machine is extremely 
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Fig. 6—Circuit for generating a forc- 
ing function that corresponds to a 
single line-to-line short circuit on a 
three-phase generator. 


flexible for a wide class of engineering 
problems. The speed of the electronic 
calculations programmed on the 60 to 
180 program steps of the clectronic 
calculator is relatively high. The gen- 
eration of functions such as sines, 
cosines, and exponentials, and special 
routine operations for double precision 
and floating decimal are performed at 
high speeds. 

The drum calculator (Ref. 8) is 
built about the magnetic-drum type of 
storage. It is a true general purpose 
computer in the sense that the program 
of operations is stored internally and 
so can be operated on or modified by 
logical operations arising in the course 
of the problem. 

A typical drum (cylindrical rotor 
with magnetic surface) can store ap- 
proximately 2000 ten-digit decimal 
numbers. With a rotational speed of 
approximately 3600 rpm, the average 
access time is 1/120th second. At the 
expense of a proportional reduction 
in memory capacity, duplicate record- 
ing with several heads improves the 
access time two or three to one. Mag- 
netic drums are reliable and economical. 
They are not, however, as fast as elec- 
trostatic or mercury-delay-line storages 
used in the high-power digital cal- 
culators. 

Drum machines are applicable to a 
wide range of engineering problems. 
With the large memory, both the pro- 
gram and a vast amount of data can be 
stored internally. For example, in 
thermodynamic design calculations, ex- 
tensive amounts of arbitrary functions 
are represented by curves or tabular 
data. These data must be stored for 
high speed access if such problems are 


to be run at high speed. When the 
program is internally stored, many 
iterative or successive approximation 
procedures can proceed automatically 
until some test is satisfied. 


Number Systems and Number 

of Digits 

For engineering calculations it is 
almost essential that the machines ac- 
cept and give out decimal numbers, 
regardless of whether the numbers are 
converted to straight binary, coded 
decimal, octal, or hexadecimal within 
the machine. 

In computers, the storage registers 
and counters are designed for han- 
dling numbers of a particular number 
of digits. In the fixed decimal system, 
most common in digital computers 
until recently, the programmer must in- 
troduce appropriate powers of ten at 
every step of the calculation. This pro- 
cedure is required to keep the numbers 
from running over the top end of the 
register and also to retain sufficient sig- 
nificant digits so as not to lose ac- 
curacy or precision. 

In payroll or accounting operations, 
such procedures represent no insur- 
mountable difficulty. Imagine the task 
facing a programmer, however, in ap- 
plying suitable powers of ten in the 
various steps of solving 20 simultane- 
ous equations, even if he knows the 
coefficients of the equations. If the 
equations vary widely from case to 
case, no single assignment of powers of 
ten will work for all for the various 
cases. In addition, round off errors 
begin to take a toll of the latter digits 
as the number of steps of calculation 
increases. It is estimated that in solving 
20 simultaneous equations the last six 
digits may be in error as the result of 
round off. 

These problems are greatly alleviated 
by the "floating decimal" system. With 
ten digit positions available, each num- 
ber is expressed by its eight most sig- 
nificant digits and a suitable power of 
ten. During each numerical calculation, 
the computer automatically shifts the 
result over until the eight most sig- 
nificant digits and the power of ten are 
expressed. Thus numbers from 105° to 
10-9? can be used. In the floating deci- 
mal number 53.71682537, the first two 
digits less 50 give the power of ten. 
The number is therefore 716.82537. 
Again, the floating decimal number 
48.21376254 represents 0.0021376254. 
Thus engineering data can be kept in 
familiar form without any conversion 
factors. 

With the floating decimal system, 
once a problem is coded, the program 
will handle all like problems, even with 
widely different sizes of numbers. This 
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flexibility gives assurance of least in- 
terference from the encroachments of 
round-off errors. Double precision rou- 
tines, making twice the number of 
digits available, similarly help in this 
problem. 

With care and ingenuity, eight digit 
floating decimal will handle a majority 
of complex mechanical calculations 
Extremely complex engineering prob 
lems in which the order of magnitude 
is readily defined at each step can be 
handled by 10 digit fixed decimal. For 
other types, however, either the floating 
decimal system or double precision is 
needed. The ability to perform one or 
both of these routines rapidly is a 
valuable asset in a general purpose en- 
gineering computer. 


Torsional Vibration 


A typical system of rotating ma- 
chines requiring torsional vibration 
analysis is shown in Fig. 5 (A), where 
Tı T» T3, and T , are torques mechani- 
cally applied respectively to the ad- 
jacent inertias 14, I2, Iz, and I, having 
angular positions f}, 82, 0g and 4, re- 
spectively, and these inertias are con- 
nected by shafts having spring constants 
Kiz» Kəs, and K,,. A mass inductance 
electrical analog for this system is 
shown in Fig. 5 (B), where the L 
terms are inductances, the g terms are 
charges, the C terms are capacitances, 
and the E terms are applied voltages. 

The equivalence of the mechanical 
system and the electrical analog can be 
seen by comparing the equation of mo 
tion of one of the inertias with the 
equation as given by Kirchoff's law for 
the voltage drop around the corre- 
sponding loop in the analog. 


d*é@- 
dt? 


(1) 


d? q2 
Ay? 


(2) 


T2+ Ki2 (6:—62)+ Ko3(03—62) =I 2 


= Lz 


Note that: Inductance La is analog- 
ous to inertia 7,; charges 4,, 45, 43 are 
analogous to angular positions ô}, 0z, 
z; susceptances 1/Cio, 1/Cogg are 
analogous to spring constants Ky, Kg3; 
and applied voltage E, is analogous to 
T the applied torque. 

Because of the analogy between mass 
(inertia in this problem) and induc- 
tance, the circuit shown in Fig. 5 (B) 
is called the — "mass-inductance" 
analogy. This circuit can be set up also 
on a differential analyzer, either 
mechanical or electronic, using not 
more than two integrators per inertia. 
For 4?6,/4!? integrated twice yields 6,, 
which combined with 9, and 8, as 


shown in Eq (1) yields 4?9,/4i*, and 
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Fig. 7—Setup for determining the natural frequencies and modes of vibration of a 
turbine blade.—(A) Representation of vibrating beam.—(B) Mass capacitance 
analog for single section of beam.—(C) Analog for a ten-section cantilever beam. 
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closes the analog system. Such a setup 
would require no inductors. 

Once the analog is obtained, the fre- 
quencies at which resonant peaks of 
voltage (torque) occur in the various 
shafts can be determined by applying 
an oscillator at various positions such 
as E,. One natural frequency per shaft 
must be found to be sure of having 
them all. Mode shapes for any ni tural 
frequency can be determined by com- 
paring on the oscillograph the phase of 
each 6 with respect to a reference. 

This problem is often solved long- 
hand for simpler cases. With 10 to 15 
mass systems, however, analog com- 
putation saves considerable engineer- 
ing time. This problem can also be run 
on a digital computer. 


Transient Torques 


A key problem in the design of tur- 
bine generators is the determination 
of the transient torques in shafts and 
couplings for the worst transient con- 
dition of service, namely, a single line- 
to-line short circuit on the three-phase 
generator. 

Design calculations based on such 
data must be completed before forg- 
ings can be ordered for the shaft and 
couplings. Where time is important, 
the advantages of rapid analog and 
computer solutions rather than slow 
longhand calculations are obvious. An- 
other advantage is the ability to de- 
termine solutions for other shaft flexi- 
bilities at the twist of a switch. Thus 
the engineer can quickly spot near 
resonant conditions and point up de- 
sign improvements. 

The analog shown in Fig. 5 is a true 
dynamic analog, since it satisfies the 
differential equation. It can therefore 
be used to study transient as well as 
steady forces and the consequent mo- 
tions and torques. 

The forcing function (torque at the 
generator air gap) corresponding to 
a single line-to-line short circuit on 
a three-phase generator is shown in Fig. 
6 along with the circuits required to 
generate this forcing function (Ref. 9). 
Three capacitors are charged and then 
discharged through L and R circuits 
to produce the damped oscillatory 
terms or currents, which are then 
mixed in slide wire resistors to produce 
the composite forcing function. This 
voltage (torque) is then applied to the 
analog of the system and the transient 
a in the various shafts appear as 
analogous voltages across the respective 
capacitors. 

In solving this problem on the CPC, 
small time steps are used. After loading 
the mechanical data, the program 
cards read in sin wf and sin 2w? 
These terms are the same for all prob- 


lems of this type since the same time 
steps are used. The machine calculates 
the exponentials at each step by multi- 
plying the values used in the previous 
step by the constants 


e- M/Ti, e" AUT: and M/Ti 

With both machines available, the 
full range of conditions are studied on 
the Anacom and one check case is run 
through the Card Programmed Calcu- 
lator for a given machine. 

Other problems of this character in- 
volve reclosing torques associated with 
high speed reclosing of tie lines, (Ref. 
10), and simultaneous faults on sev- 
eral machines. (Refs. 11, 12, 13) 


Multiple Span Critical Speed 


In a large rotating machine the shaft 
of which is supported by several bear- 
ings, an important calculation is the 
magnitude of bending in a plane pass- 
ing through the shaft centerline. Any 
eccentricity will excite this vibratory 
system with a forcing frequency equal 
to the speed. Thus the critical speeds 
are the natural frequencies. Excitation 
by harmonics of the running speed is 
also to be avoided, at least for the 
lower harmonics. 

Because of the complexity of mass 
distribution in a long machine system 
supported by several bearings (mul- 
tiple-span), the machine and shaft 
must be broken up into a large num- 
ber of sections for accurate representa- 
tion. More than 80 sections is not un- 
usual for a modern tandem-compound 
turbine-generator. The masses and con- 
necting spring constants of these sec- 
tions vary over such a wide range as 
to preclude accurate representation by 
analog computer. This problem is 
therefore run digitally. Typically, the 
first four natural frequencies and the 


mode shapes are required 
Where 


— deflection angle 

X =displacement from centerline 
M =moment 

S=shear 

!=length of the elementary section 

considered 
f ^ frequency of forced vibration 
a,B,y = deflection coefficients 


the solution is based on the standard 
deflection coefficient equations express- 
ing the variables at the » + Ist posi- 
tion in terms of those at the »th po- 
sition. 


ri=0,+B,S,+a, M, (3) 
(4) 


(5) 


(6) 
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Note that the shear equation con- 
tains the frequency f of the forced vi- 
bration, and the other three equations 
contain shear. 

The natural frequency is found by 
trying a number of frequencies until 
the natural frequency is found. With a 
xaring at cach end constraining the 
deflection to zero, and since the mo 
ment is zero at the end, the deflection 
angle and shear at one end are carried 
as unknowns. Using the iteration Eqs 
(3) to (6) the computer calculates, 
step by step through the system, deter- 
mining the four variables at each sec- 
tion until the other end is reached. At 
intermediate bearing points, an addi- 
tional constraint of zero deflection is 
introduced. This constraint yields one 
additional equation at that pe and 
starts off again with zero deflection. 

Thus when the machine reaches the 
other end, it has determined four equa- 
tions expressing 9, X, M, and S at the 
end in terms of the @ and $ at the be- 
ginning, at that particular frequency, 
with one additional equation at each 
bearing, and one additional unknown 
shear force added at each bearing 
Relating the deflection and moment at 
the end to zero, since for zero fric 
tion motion at the natural fre uency 
requires zero externally — mo- 
ment, there results » simultaneous 
equations in » unknowns, where » is 
the number of bearings. This system of 
equations has a non-trivial solution 
only if the determinant of its coefficients 
vanishes. 

This determinant is a polynomial in 
f and so is a continuous function of f, 
which passes through zero at the 
natural frequencies. The machine is 
coded to compute this determinant at 
the end of each frequency run. When 
two frequencies have been tried result- 
ing in positive and negative values of 
the “close-out determinant,” the natural 
frequency is known to lie between 
them, and the determinant values in- 
dicate where. It can thus be quickly 
narrowed down to the required pre- 
cision. 

Considered as a function of f, the 
"close-out determinant” crosses the axis 
in one direction for all even modes 
and in the other direction for odd 
modes. A plot of f affords a check 
against missed modes 

For the more extensive systems and 
at higher modes, even when carrying 
eight digits with floating decimal 
procedure, the round-off errors produce 
erratic results. For the largest systems 
studied to date, this condition could be 
remedied by closing out at each bear- 
ing and eliminating one unknown by 
use of the constraint at that point. This 
procedure gave an indivi quetibion 
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of 0.0002 percent at the fourth mode 
for an 80 section six bearing system. It 
reduced the computing time per trial 
frequency from 40 to 32 minutes. Prob- 
lems are run in the forward and back- 
wards directions as a check and to in- 
dicate the precision. 

Using the CPC, a complete problem 
of this type —— about 40 hours. 
This time includes five to ten hours of 
setup and punch time, 20 hours for 
determining frequencies roughly, and 
about ten hours for final frequencies 
and mode shapes. 

It is evident that this problem could 
be handled somewhat faster on a drum 
machine. Either double precision or 
floating decimal, however, would be 
advantageous. 


Vibration of Turbine Blades 


The design of a steam turbine or 
compressor blade requires determina- 
tion of the natural frequencies and 
modes of vibration, (Refs. 6 and 14). 
It is the classical problem of a beam 
in bending. Since the beam is tapered 
and twisted, bending is coupled in 
two planes. The motion of the beam 
is described by two differential equa- 
tions. The partial difference equations 
for a blade divided into a number of 
finite length sections can be derived 
from these differential equations or di- 
rectly from the mechanics of the ele- 
mentary length sections. These rela- 
tions may be used either to set up an 
electrical analog or as iteration equa- 
tions for performing a digital calcu- 
lation. 

The blade representation is shown 
in Fig. 7 (A) and the electrical analog 
in Figs. 7 (B) and (C). There are 
eight variables: Deflections X and Y; 
deflection angles @, and 8,; moments 
M, and M,; and shears $, and S,. At 
any position of the blade, these vari- 
ables — m" as electrical quantities as 
indicated in Fig. 7 (B). The open 
arrows represent voltages. Closed ar- 
rows represent current, the "p" tail 
indicating "rate of change." For ex- 
ample, the moment M,, is a rate of 
change of current, and is read as the 
voltage across an inductor through 
which it flows. 

Natural frequencies and mode shapes 
are measured by applying an electrical 
exciting force at the free end and 
measuring the frequencies at which 
peak motions are obtained. The deflec- 
tion mode at a given frequency would 
be plotted by measuring the X or Y 
voltages at points along the blade. 

Except for a larger number of equa- 
tions, the digital calculation procedure 
is similar to that described for "Mul- 
tiple Span Critical Speeds." 

Longhand calculation of the higher 


As’ 


natural frequencies of a blade is a sev- 
eral months erdeavor and actually had 
been done for only a few simple cases. 
Rotating tension effects, lashing wires, 
disk effects, and other refinements are 
now included in digital studies that 
can be made in a few days. 

The analog method is considerably 
faster, particularly where a general 
study is to be conducted covering a 
large number of variations, or when 
finding the effects of design changes. 
All final designs, however, are now 
computed digitally. 


Analog-Digital Conversion, 
Simulators and Non-Linear Systems 


While analog and digital computers 
have for simplicity been referred to as 
entirely separate techniques, there is 
actually a widening field of overlap. 

The Madida, a drum computer, has 
its accumulators arranged as time shar- 
ing integrators with the integrals 
stored on the drum. Its logic, therefore, 
is the same as an analog computer in 
that one connects the computer to have 
the same equations as the system rather 
than setting up a numerical solution 
to the equations. 

Analog quantities may be converted 
to digital and vice versa for various 
purposes such as: Directly feeding 
meter or gauge readings into digital 
recording and processing machines; 
Coupling digital function generators 
into analog machines; Mechanized 
digital plotting or reading of curves; 
and Use of digital computers in con- 
trol; the digitally controlled milling 
machine is an example. 

Computers applied to represent part 
of a system while testing other parts 
are referred to as simulators. They have 
the restriction of one to one time scale 
with the actual system and must, of 
course, have power delivering trans- 
ducers of high performance that do 
not introduce extraneous terms in the 
equations. This field, however, is most 
rewarding. Simulators permit direct 
testing of many mechanical assemblies 
too difficult or non-linear to calculate. 
Devices having a probability distribu- 
tion in their action yield to this form 
of analysis. 

The Anacom has been used in simu- 
lation tests including actual electro- 
mechanical relays. It has been used to 
represent the aerodynamic equations 
of flight of a plane and its control sys- 
tem while including the vagaries of a 
human operator in the control loop. 
With simulators, an engine control can 
be tested without the engine. 

Needless to say non-linear systems 
(Refs. 4, 15) are much more difficult 
to solve than linear systems. In such 
problems, the computer becomes most 


essential. Where an analog computer 
can be used to represent the non- 
linearities, it is far superior than the 
digital computer, since the time con- 
suming coding procedures of the digital 
computer are obviated. 

For example, a  clearance-spline 
coupling for reducing the transmission 
of engine vibrations to a small genera- 
tor was represented by analog. This 
analog immediately reproduced its 
three possible modes of vibration and 
within two days gave answers to the 
comparative attenuations and require- 
ments for operation in certain modes. 
This study covered a considerable range 
of parameters. An estimate of the time 
to code these cases and run them digi- 
tally is several weeks. 
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Fig. 2—Pattern for plan- 
ning approaches to the 
various tasks required to 
complete a project. 
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RESEARCH ENGINEERS often think that 
the work of control of cost of the re- 
search project is valuable time lost 
from the more creative technical tasks. 
Yet experience indicates that adequate 
systems of cost control, applied with 
an understanding of their true func- 
tions and philosophies, can aid research 
teams to a better understanding of the 
technical problems and better plans for 
attacking those problems. Cost control 
systems closely integrated with the 
technical problems of the research pro- 
gram often stimulate applied research 
teams to higher levels of creativity. 


The nature of the activities, the char- 
acter of the research organization and 
its organizational position all influence 
the type of cost control systems that is 
most effective. It would be unwise to 
suggest that the methods to be dis- 
cussed are directly applicable to most 
research laboratories. Rather, the nature 
of the research operation for which the 
controls have been devised, the nature 
of the controls, and the reasons for 
which the particular controls have been 
established will be described. Thus 
each research administrator can select 
those principles and practices that may 
be helpful for his own activities. 

One classification of the various 
areas of scientific and engineering work 
is: 1. Fundamental research; 2. Ap- 
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plied research; 3. Development; 4. De- 
sign; and 5. Application. 

This classification is particularly ap- 
plicable to work leading toward prod- 
ucts, although similar ones might be 
used for work pertaining to processes 
The cost controls to be described are 
intended to be applicable to programs 
dealing with applied research and de- 
velopment. Some of the methods may 
be applied to design but it is doubtful 
if they would be suitable for funda- 
mental research or application engi- 
neering. 

Among the laboratories available 
for work in the scientific and engineer- 
ing fields are: 1. University; 2. Com- 
pany; 3. Association; 4. Institute; and 
5. Government. 

Research institutes carry out research 
and dev elopme nt programs under spon- 
sorship of industrial companies, asso- 
ciations or government. They have 
tended to become somewhat regional 
in character since many of their pro- 
grams are carried out for industry in 
their immediate area. In general, the 
work is carried out for the sponsor at 
cost since most of the organizations are 
on a not-for-profit basis. Usually pat- 
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Fig. 3—Project plan for the development of an inspection instrument with specific desired operating characteristics. 


ent rights are assigned to the sponsor. 

The research staff usually covers 
many different fields of science and en- 
gineering. The larger research insti 
tutes may range in staff size from a few 
hundred to more than two thousand 

Research institutes have grown to 
positions of prominence in the indus- 
trial research field because they: 

1. Offer a large and diversified staff 
Few companies can afford as varied a 
technical staff. 

. Provide ability to handle peak re- 
searc rch and development loads without 
long-term commitments. 

3. Provide specialized laboratory fa 
cilities not available otherwise. 

í. Provide stimulation for the re- 
search and development staff of the 
sponsoring company as a result of out- 
side contacts. 

5. Provide new 
and approaches. 

At Armour Research Foundation the 
organization is divided into nine de 
partments, each covering a specialized 
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viewpoints, ideas, 


3.000 
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field of science or engineering. In gen- 
eral, the departments range in size 
from 50 to 150 people. The ratio of 
professional to sup porting personnel is 
usually higher than is typical of indus- 
trial laboratories. 

Each department is divided into four 
to ten sections by specialized fields. A 
section is headed by a supervisor and 
may include two to eight senior level 
engineers and scientists capable of serv- 
ing as project leaders or specialists. 

Projects are assigned to a particular 
section, a project engineer is placed in 
charge of the program, and appropri- 
ate supporting personnel is provided 
for work within the scope of his own 
section. For work requiring engineers 
and scientists in other sections and de- 
partments, phases of the program are 

‘farmed out” by “ventures” or sub- 
contracts as needed. The project engi- 
neer assumes technical charge as well 
as financial control of his project 

Successful execution of an industrial 
research and development program re 


quires both superior technical perform- 
ance and close financial control. The 
wide variety of research programs 
makes a high order of specialization 
undesirable. Yet the research engineer 
or scientist must rapidly gain a knowl- 
edge of the particular specialized field 
and produce effectively in that field. 

A project leader must make good 
cost estimates prior to the initiation of 
the program, then follow through on 
problems of project organization and 
execution, including cost control. While 
the controls described here are not 
unique, their form of organization may 
offer possibilities for application in 
other laboratories. 


The Control Process 


The chart in Fig. 1 shows the simi- 
larity between the problems of product 
quality control, a management or busi- 
ness problem, and the control of costs 
of a research project 


For control of quality of a product 
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in production, one must first estiblish 
the characteristics of the product that 
are significant to the quality or accept- 
ance of that product. The quantitative 
values to be used as a determinant of 
acceptability must also be defined. 
These establish the standards or speci- 
fications for the product and their es- 
tablishment is a vital first phase of the 
quality control process. Quantitative 
standards or specifications must de- 
fine the limits of acceptability. 

The second step in quality control is 
establishing adequate tests to deter- 
mine whether the product conforms to 
the established standards. In modern 
technology these tests may be on a 
sampling basis. Tests or measurements 
should be more refined than the values 
specified in the standards. A continuing 
control chart will show trends in meas- 
ureable values so that detection and 
correction of production difficulties 
may be made prior to the production 
of units that fall outside of the limiting 
acceptable values. 

In management problems, the stand- 
ard set is usually in terms of a budget 
The budget is an operating plan ex- 
pressed in dollar terms. The purposes 
underlying budgeting and management 
control have been summarized in Ref. 
1. Mr. Anderson indicates that the 
budget is "a summary in financial 
terms of the standards of performance 
established for all departments of the 
business; or, it is "a coordinated plan 
for the operation of the business ex- 
pressed in financial terms. 

In business, management control is 
exercised by setting standards in the 
form of a budget and by establishing 
measuring techniques in the form of 
accounting statements to indicate con- 
formance, deviation from the budget, 
and need for corrective action. As with 
quality control, forms of measurement 
that are sufficiently sensitive to detect 
the trend away from conformance to 
the budget are desirable. Hence, fre- 
quent accounting periods are usually 
necessary for adequate control of the 
business. 

Research project control is a man- 
agement problem with the research en- 
gineer or scientist acting in the man- 
agement capacity. Many of the factors 
that must be considered for control, 
however, are not readily expressed in 
financial terms. The highly technical 
character of the research problems re- 
quires extensive scientific or engineer- 
ing training, often to the exclusion of 
training in fields that would be helpful 
in the management phases of project 
leadership. Yet the project leader must 
gain an understanding of the meaning 
of budgets and accounting statements. 

The standard or budget for the re- 
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Table I — General Requirements of the Project Plan 


1. Planned by persons responsible for the project. 
A plan is a process as well as a product. 


. Formal yet flexible: 


(a) Change plans where needed but change consciously 


(b) Written: 
A tool not a ritual 


Avoid the “paper” work problem. 


. Plan before authorization of funds and initiation of the work. 


. Use exploratory project for projects that cannot be planned immedi- 


ately. 


. Plan in terms of specific individuals for the research team. 


. Time spent in planning is well invested and should be adequate for 


the particular project. 


search project is here called the Project 
Plan. This title implies that much more 
is involved in the plan than financial 
terms. The tests or statements to de- 
termine conformance with the plan as 
the work progresses are designated the 
Project Review. Again, the review 
must be in more than financial terms. 


Approach to Project Planning 


A summary of the general principles 
of project planning is given in Table 
I. Some questions that one might ask 
when setting out to plan a project are: 

For what purpose ? 

2. Who should plan? 

3. How formal? 

4. When should the plan be made? 

5. How long should it take? 

6. How can unknowns be planned ? 

The answers to these questions are 
somewhat interrelated. 

Many of the advantages to be 
gained from the preparation of the 
project plan stem from the process of 
making the plan. Project planning is a 
process of living through the carrying 
out of the program in the imagination 
of the research team doing the plan- 
ning. Hence, the development of a re- 
search plan serves not only to establish 
budgets of time and money, but it 
serves to orient the research staff in the 
nature of the technical problem and the 
interrelationships of the parts of the 
entire plan. 

The process of planning helps in 
assuring that the various tasks required 
for completion will be carried out in 
an orderly fashion with appropriate 
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emphasis. A desirable approach is in 
dicated in Fig. 2 (A). If a pre-estab 
lished plan is not available, dangers 
such as excessive emphasis on early 
tasks with little time left for later 
tasks, or the pursuit of interesting by 
ways are more likely to occur. 

The tasks that appear to be most 
doubtful of achieving success should 
be carried out as early in the research 
program as possible; Fig. 2 (D). 
Often such tasks may mean delay of 
other tasks where economy is more im- 
portant than time in completion. If the 
tasks that are limiting success prove 
unsuccessful, wasted efforts on other 
tasks will have been avoided. 

It should be emphasized that few 
projects should progress as directly 
from beginning to achievement of ob- 
jectives as indicated in Fig. 2 (A) 
Unless some effort is allowed on the 
interesting byway, there is danger that 
a sufficiently imaginative approach will 
not be taken on the project. 

Similarly, unless some unbalance is 
permitted in the face of a promising 
possibility, there is danger that the 
program will be terminated just short 
of success. Yet it is essential that these 
deviations from plan be kept under 
control and carried out with complete 
realization of their implications to 
achievement of the final objectives. 

It is desirable that the research team 
that will carry out the project do the 
planning. Supervisory and manage- 
ment personnel may participate in the 
planning but should carefully avoid 
directing the planning or inhibiting the 
planning discussions. Various special. 


All 





ists from the same or other depart- 
ments may also participate, depending 
on the nature of the project. It is de- 
sirable for the planning of a pe 
to be carried out in a small conference 
with the supervisor or project leader 
acting as the conference leader. 

Unfortunately, in the work at Ar- 
mour there is a lag between planning 
of a project during preparation of a 
proposal and the initiation of a re- 
search project. Hence, the particular 
people who planned the project may be 
assigned on other programs when the 
new project is initiated. The knowl- 
edge that this situation may occur 
makes it difficult to plan projects since 
it is important to know the character- 
istics of the people who will carry out 
the work. It has been found helpful to 
assign specific individuals for each 
task, even though their work schedule 
may make it unlikely that they will be 
assigned to the project. 

Careful selection of the personnel 
finally assigned is essential for the plan 
to be valid. Replanning of the project 
in terms of personnel actually assigned 
at the time of initiation of the work is 
sometimes necessary. Fortunately, these 
revisions seldom affect over-all cost and 
time estimates. 

The question of formality is one re- 
quiring good judgment and some com- 
promise. There must be a formal re- 
quirement that a project plan be made 
prior to the authorization and initia- 
tion of a project. An adequate formal- 
ity means that the plan should be in 
written form. A verbal plan, even 
though understood by several people, 
will inevitably be constantly revised to 
fit the exigencies of the moment. Proj- 
ec plans should often be changed as 
the project progresses. But the plans 
should be consciously changed with 
full realization of the effects of the 
changes on all phases of the project. 

Yet with the requirement for a for- 
mal written plan, there are real dan- 
gers in the planning programs. The 
temptation is for the research adminis- 
trator to require plans that are ends in 
themselves—plans that are physically 
beautiful. Then the research team may 
prepare the plan with the end product 
as a goal of the planning rather than 
à thorough understanding of the re- 
‘search problems. They become slaves 
to a system and the planning becomes 
a ritual to be performed rather than a 
tool to achieve higher effectiveness. 

Similarly, excessive formality may 
result in failure to change the plan 
when necessary: A “paper plan’’.in the 
administrator's office and the real plan 
in the minds of the research team will 
be the likely result. 

There will always be projects that 
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cannot be planned, since by their very 
nature the programs deal with un- 
knowns. When a project cannot be 
planned based on present knowledge, 
it is well to carry out an initial explora- 
tory program. The definition of some 
of the unknown factors would be the 
objective of the exploratory program 
for use in planning the full scale re- 
search or development project. 

Finally, how long should be spent in 
planning the research project? The 
only answer can be: as long as neces- 
sary. Many small projects can be 
planned initially in a few hours; others 
take a full day. Some large projects 
may require a week or more during 
which the project is subdivided into 
smaller projects, each with its own de- 
tailed research plan. 


The Project Plan 


The elements of a project plan are: 
Objectives, tasks, task schedule, man- 
power estimate, personnel schedule, 
cost estimate, project organization, and 
provision for review. 

Clear statements of the objectives 
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toward which the research program is 
directed are essential to successful ap- 
plied research work. Often an appre- 
ciable portion of the time spent in 
planning a project will be involved in 
determining such statements of objec- 
tives. Once they are clearly stated, the 
remainder of the planning process pro- 
ceeds easily. The objectives sometimes 
cannot be finally stated until some of 
the project is planned. And often as 
the planning progresses, the statements 
of objectives may be repeatedly modi- 
fied as better understanding of the 
problem develops. 

In work at Armour, the statements 
of objectives of the research program 
are included in the proposal, which if 
accepted becomes a part of the re- 
search contract. Where supplementary 
or revised objectives are developed as 
the project progresses, these are made 
part of a report or letter so that all 
people associated with the project will 
be clearly familiar with them and will 
be oriented toward their accomplish- 
ment. 

There are two levels of objectives; 
first, the sponsor's reasons for carrying 
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Fig. 4 (Left)—Project plan in which graphs of 


expenditures and amount of authorized funds 
remaining are shown and plotted by months, 


out a particular project. These are 
usually of an economic character, al- 
though they may have social implica- 
tions. For example: it may be desirable 
to devise an instrument to carry out a 
particular inspection function, even 
though there are no cost savings over 
manual methods of inspection. The 
gain may be in the elimination of an 
extremely fatiguing operation that is 
difficult to man. 

Knowledge of the sponsor's broader 
objectives may lead the research team 
to a broader outlook and permit bring 
ing of approaches or ideas to the atten- 
tion of the sponsor, even though they 
do not pertain to the specific objectives 
of the project. 

The second level of objectives is a 
clear definition of the technical results 
desired. For example: The develop- 
ment of an inspection instrument with 
specific desired operating characteris- 
tics such as speeds, sensitivity, selectiv- 
ity; sufficiently simple for production 
line use; and with a final manufactur- 
ing cost not to exceed a specified 
amount. 


The next four elements of a project 
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by accountants and supplied to project leaders. 


plan are so closely related that they 
cannot be discussed separately. These 
are tasks, task schedules, manpower 
estimates and personnel schedule. These 
can be discussed best by considering 
a typical plan like m shown in Fig 
3. Such a plan can be prepared on 11 
by 17 in. section paper, 4 by 
to the inch. 

Presumedly an appropriate printed 
form could be developed that would 
be suitable for many project plans. But 
when projects are extremely varied in 
duration, and complexity, there is 
danger in a fixed form with appropri- 
ate blanks to be filled in by the plan- 
ners. First, there is danger that too lit- 
tle thought will go into the planning 
and, second, there is danger in bound- 
ing the thinking of the research team 
in the planning stage. There is usually 
negligible time saving in the printed 
form and it may be a serious obstacle 
to successful planning. 

A project plan need not follow any 
prescribed arrangement. In planning 
the project, the research team first lists 
the appropriate tasks that must be car- 
ried out for the completion of the 
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A sheet for each project task is often prepared. 


project. A considerable portion of the 
total effort in planning is the naming, 
discussing, definition, and grouping of 
these tasks. In the process, the research 
team exact an under- 
standing of the problems as possible 
and finally achieves a list of meaning 
ful tasks appropriately interrelated. On 
the left side of such a list is 
presented. 

As soon as the framework of the 
project begins to be formulated by defi- 
nition of the tasks, the task schedule 
can also be started. In Fig. 3 the task 
schedule is shown by months at the 
right of the tasks; the bars show only 
the relationships of elapsed time. No 
attempt is made in the task schedules 
to show the magnitude of the effort in 
volved. In some projects, the task 
schedule is laid out without previous 
consideration of the completion date 
In others, rather clear ideas of desired 
completion time may place restriction 
on the possible task schedules. 

Concurrently with the schedule, ap- 
propriate manpower is listed and a 
manpower schedule made below the 
task schedule. These bars may be to 
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scale and symbols used to designate 
the corresponding task. 

As with most design problems, the 
first attempt at the project plan may 
not be completely successful. Usually 
the plan may be reworked several times 
during the planning session as more 
concrete —— of the prob- 
lem evolve. Revision to meet sound 
personnel practices are also required. 
For example, continuity of personnel 
or limited appropriate personnel may 
be important factors in the layout of 
task and personnel schedules. 

It may be helpful for the rescarch 
team to write additional information 
about each task; this information may 
be included in the proposal submitted 
to the a sponsor. Thorough- 
ness of understanding, however, is the 
important criterion in adequately 
planned projects. 

From the manpower schedule to- 
gether with a summary of other costs 
such as materials, travel, and shop 
costs the cost estimate may be pre- 
pared. Either salary rates for the par- 
ticular personnel or appropriate stand- 
ardized rates may be used. The latter 
are almost a necessity where the esti- 
mates are prepared by the. research 
team. 

Project organization may be a prob 
lem to be considered, depending on 
the nature of the research laboratory 
In work at Armour, the project is us- 
ually assigned to one section and a 
project leader selected. Services of 
specialists in other sections and depart- 
ments are obtained by “farming out 
with "ventures" or subcontracts ap- 
propriate phases of the work. Other 
than selection of appropriate person- 
nel, there is usually little more to the 
problem of project organization. 

In some laboratories, particularly 
where very large long term projects 
are carried out, a new group may be 
created to work on the project. This 
group will generally include specialists 
in several fields. In this form of opera- 
tion, problems of organization must be 
more extensively considered in plan 
ning the project. 

Project plans for large projects may 
be much more complex than that 
shown in Fig. 3. An example of a larg- 
er project is shown by Fig. 4. In this 
plan only the tasks and task schedules 
are shown. A project plan was also 
prepared for each of the tasks with the 
additional detail on objectives, sub- 
tasks, manpower estimates and sched- 
ules shown for each. 

Ihe project plans are complete at 
the stage shown by Fig. 3 with the 
additional information such as objec- 
tives included in the proposal. When a 
project is initiated, the supervisor or 
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Fig. 6—Review expenditure graphs. (A)—Actual expenditures are considerably 
less than estimated; investigation revealed that the project was in difficulty. (B) 
—Extended time and revised budget needed to overcome difficulty in project. 


project leader may elect to place the 
plan in some different form for ease in 
control of the project. One method is 
that shown by Fig. 4, where graphs of 
expenditures and amount of authorized 
funds remaining are shown by months. 
In some instances, additional graphs 
may be used for each task. In this ap- 
proach, expenditures may be graphed 
as the project progresses and serve as 
a part of the project review. 

Finally, the plan should make pro- 
visions for adequate review of the 
project. 


Project Review 


The review of a research or develop- 
ment project involves two phases: (1) 
Financial review; and (2) technical 
review. These two cannot be separated; 
they must be carried out at the same 
time and by the same people. 

Complete information in suitable 
form covering actual expenditures on 
projects must be supplied to the project 
leader promptly to allow him to ap- 
praise the financial status of the project 
at frequent intervals. 

In establishing a project accounting 


system, it is well to remember that its 
prime purpose is to aid the project 
leader in making appropriate decisions 
for the future conduct of his project. 
Timeliness and completeness of the 
cost information are important. If 
these conditions are not well met by 
the accounting organization, there is 
danger that the research team will 
waste time in keeping a separate ac- 
counting of cost information or in fail 
ing to achieve adequate control. 

The IBM Card Programmed Calcu- 
lator is used in the Computer Center 
at Armour to provide the cost informa- 
tion on each project. It is used the 
first three working days of the month 
for accounting activities and the re- 
maining time for scientific and engi- 
neering calculatons. On the sixth work- 
ing day of the month, cost data are 
supplied to the project leader in the 
form shown in Fig. 5. A monthly cost 
sheet of this type is prepared for each 
project and for each task of a project 
if the project leader desires. 

Note that the cost sheet provides the 
following information: 

1. Authorized time and funds 
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Fig. 7—Review graph in which expenditures closely 
follow amount budgeted. To achieve this 


changes in staff were required as project progressed. 
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result, 
tant to the successful execution of a 
project where a number of people are 
working on the same program. Thes 
meetings afford opportunity for thc 
staff to visualize ideas and approaches 
and are a helpful supplement to report 
writing. They also assure coordinated 
efforts on the program where 


Additional forms of review may be 
classified as technical review, although 
at all times financial factors may also be 
involved. These 
clude: Direct contact; 


Totals of expenditures by classes 
(a) Previously expended 
(b) Expended in current month 
(c) Total expenditures to date 
Remaining authorized funds 
Total commitments (purchase or- Meetings. 
ders outstanding) The direct 
Additional detail is supplied with sup- and 
plementary sheets of which Fig. 7 is 


forms of review in- 
Reports; and several 
phases are carried out simultaneously 
Perhaps it is equally important that 
the research staff learn from each other 


and stimulate each other to 


contact of supervisory 
management personnel with the 


work as it progresses is essential for an do more 


a simplified example. 

Research and development projects 
change rapdly. It is difficult for a proj 
ect leader to accurately appraise a proj- 
ect with information that is a 
month old. 

The project leader must review the 
entire project at monthly intervals with 
the new cost information at hand. In 
some laboratories, an attempt is made 
to have the technical personnel place 
an ew — on the percent comple 
tion of a project so that others may 
compare the work completed with the 
cost information. The comparison is 
rarely worthwhile. It is better to place 
the emphasis on remaining funds and 
remaining work; whether they are 
properly matched requires very careful 
evaluation of the technical problems 


cost 


appraisal of the progress of the work; 
also, whether appropriate facilities and 
personnel are being applied to the 
project. Even though the supervisory 
and management personnel are not spe- 
cialists in the particular field, it is pos 
sible to gain a fairly good appraisal of 
the problems if a cooperative 
phere exists 

Reports also serve as more than a 
medium of review of the project. Often 
much of the most exact and complete 
analysis of problems and formulation 


atmos- 


of conclusions is actually carried out in 
preparation of reports. Technical re 
rts covering the technical work in 
considerable detail should be prepared 
at reasonably scheduled intervals 
Meetings of the entire research team 
ind supervisory personnel are impor 
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effective work. 

Control of research and develop 
ment projects deals with supervisory 
and management problems. In addi 
tion to some of the factors that have 
been discussed, the process involves im 
portant personnel relationships (Re 
2). The establishment of specific goals 
and budgets for projects inevitably cre 
ates some pressures on research person 
nel. The human problems must be car 
fully considered to avoid destroying 
initiative and creativity of the staff 
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Numbering Systems 


in the Engineering 


THERE ARE TWO MAJOR SCHOOLS of thought concerning 
numbering systems, the basic difference between them being 
whether the numbers should or should not impart informa- 
tion in themselves. Serial systems consist only of numbers 
assigned consecutively as required—there is no relationship 
between a number and what it identifies. Mnemonic (mem- 
ory-aiding) systems are, by definition, based on specific 
relationships that increase the efficiency of their use. In 
actual practice, there are innumerable combinations em- 
bodying features of both systems; the make-up of each 
depends upon the application. 


Serial System 

Completely meaningless numbering systems are purely 
numerical systems in which the numbers or their sequence 
are purposely kept from betraying any information about 
the document or item in question. This is justified as avoid- 
ing the tendency to make up non-existent numbers based 
on existing numbers. It is further claimed that it promotes 
accuracy, since the user cannot possibly become familiar 
with thousands of six- or seven-digit numbers and must 
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rely on an actual check rather than on his memory. 
of this type are used by many large concerns. 

One of the primary advantages of the serial system is 
the ease with which numbers can be assigned. The log of 
number assignments grows only from one end and filing 
within the system is restricted to revisions. The fact that 
the drawing file expands from only one end is a great advan- 
tage when compared to the logical system which literally 
grows in all directions. This feature of the mnemonic sys- 
tem results in extensive interfiling and occasional refiling 
of much information as the file expands in the middle. 

The experience of large firms with serial systems indicates 
flexibility is needed when a system must be used by geo- 
gtaphically or functionally separate units. It is a simple 
matter to assign blocks of numbers to the various divisions 
and achieve a standard operation. The logical system, being 
more susceptible to interpretation and variations in actual 
practice, cannot ^o easily be standardized throughout a wide- 
spread organization. If the company products fall into a 
relatively small number of categories, the serial system can 
be modified by the assignment of blocks of numbers to 
specific categories. As this procedure is continued and ex- 
panded, the system becomes mnemonic and begins to in- 
volve filing and interpretation difficulties inherent to the 
logical system. 

In serial systems, it is generally difficult to distinguish 
between the kinds of items to which the numbers pertain. 
A distinction can be made between drawing numbers, part 
numbers and specification numbers, for example, by allot- 
ting blocks of numbers to the various classes. This involves 
the adoption of a classifying system and at least partial 
use of a mnemonic device. If such distinctions are not made, 


Systems 
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Useful Tips for Setting Up a Numbering System 


In any system of documentation, there are many 
factors to be considered. Not all of them directly 
affect the numbering system co be adopted, but all 
should be kept in mind while the system is being 


7. What sizes of documents will be numbered 
and should size be identified? 


8. In the case of engineering drawings, should 


devised and during the early stages of use. 


the material on which drawing is made be identi- 
fied by number? 


1. How many different kinds of documents must 


the system be able to assimilate? 


9. Should provisions be made to indicate class 
or kind of equipment in certain cases? 


2. Can system apply easily to both part and 


drawing numbers without making it necessary to 


use extensive cross-referencing ? 


3. Can system be expanded when new kinds of li. 


documents must be incorporated? 


4. Is system restricted as to kind of equipment 


to which it can pertain? 


5. Can extent of coverage expand indefinitely as 


volume of business grows? 


6. Should numbers be usable for purposes not 


connected with documentation? 


it is usually necessary to maintain an extensive cross-refer- 
ence of part numbers to drawing numbers, thereby intro- 
ducing errors into the system. 

There are other adw antages in a serial system, such as 
facility of use with automatic tabulating equipment. But 
to sum up the case for serial numbering systems: They are 
most advantageously used when filing ease is of major im 
portance and when several more or less autonomous units 
must be covered by the same system. If a firm produces 
products that, by their nature, are active for only a few years, 
the advantages are even more apparent 


The Logical Approach 


Another, and entirely different, group believes that the 
utmost advantage should be taken of features that permit 
the user to learn as much as possible from the number alone 
This group contends that the logical system can be made 
to apply to all engineering documents, and points out that 
in many Cases, where a me aning »less system IS used in part, 
it has been abandoned in favor of a mnemonic system for 
common items such as hardware, tools, pipe fittings, and 
raw materials. 

The main argument for logical systems is simply that it 
is desirable to be able to look at a number and immediately 
identify it as pertaining to a drawing, part, raw material, 
manufacturing specification or other type of engineering 
document. Such aids to the memory that can be built into 
the system return large dividends in facility of use and 
effectiveness of effort. 

A logical numbering system of this type has been in use 
by the Industrial Controller Division of the Square D Com- 
pany for some thirty-five years. A few minor changes were 
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10. Does number distinguish simply and quickly 
between individual parts and assemblies? 


Can parts that appear only on assembly 
drawings be easily identified as individual parts? 


12, Can abstract or general dat» be numbered 
according to a logical pattern? 


13. Does method of designating revisions fit 
logically into the numbering system? 


14. Can numbers be easily remembered or are 
they long meaningless series of digits? 


necessary in the very early years, but no major revision has 
been necessary during the past quarter century. 

Drawings, specific ations, and part num ibers are the in 
gredients of this systern, which correlates all three categories 
accurately. There is no need for auxiliary cross-references 
because items are easily distinguishable. Another feature is 
the ease with which the system has been expanded over the 
years to incorporate additional kinds of information. It has 
also lent itself readily to the development of different sys- 
tems (for raw materials, etc.) in similar form. 


Typical Mnemonic System 


The Industrial Controller Division’s numbering system 
consists essentially of a three- or four-digit prime number 
identifying the type of product or item. This is followed 
by a letter indicating the form or size of the document, 
and then one, two, or three digits that identify the specific 
drawing or subject involved. Individual parts on assembly 
drawings or lists are identified by an additonal letter and 
one to three digits as described in following paragraphs 


Engineering Drawings. When used for engineering draw- 
ings, the first digits (prime number) denote a particular 
major item or class of common part, Fig. 1. The first letter 
designates both the sheet size of the drawing and whether 
the original drawing was made on tracing cloth or paper. 
The last set of digits is assigned serially as the drawings 
are made. Code letters are given in Table I for size designa- 
tions. 

It has not been necessary to distinguish between cloth 
and paper in the larger sizes and thus AA and A are used 
for either. The distinction is required for smaller sizes to 
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Table I—Drawing Sizes and Corresponding 
Letter Symbols 
— — 
| Symbol | Size, in. 


Document Material 


Paper 
| 5x8 |Paper 
| 8} x 11 |Cloth 
8] x 11 |Paper 
11 x 17 Cloth 
| 11 x 17 |Paper 
| 17 x 22 |Cloth 
17 x 22 |Paper 
| 22 x 34 |Cloth or paper 
| Larger |Cloth or paper 
8} x 11 |Graph paper 
| 8} x 11 |Paper Form 
| 8} x 11 [Paper Form 


Tracing (Part) 5x8 
Tracing (Assembly) 
Tracing 

Tracing 

Tracing 

Tracing 

Tracing 

Tracing 

Tracing 

Tracing 

Curves, Data 
Material List 
Manufacturing Spec: 


Q R — > > m t w O t" O O X 


avoid the difficulties encountered when interfiling cloth 
and paper, i.e., B and E, C and F, D and L for cloth and 
paper, respectively. 

Both G and X drawings are the same size (5 x 8 in.) 
and are prepared only on paper. The X number is used for 
drawings that show only a single part, while G numbers 
are for drawings of simple assemblies. This notation is also 
used in the adaptation of drawing numbers to part numbers 
and is considered a most useful feature of the system. 


Part Numbers. A part number is derived from a draw- 
ing number by adding G or X to the drawing number and 
then the required serial digits. As in the 5 x 8 in. drawings, 
G applies to assemblies and X to individual parts. The X 
and G drawings show only a single part or simple assembly 
and carry the drawing number as the part number. On all 
larger drawings, it is important that parts and assemblies, 
as well as drawings and parts, be distinguishable from each 
other. 

As an example of how the numbering system functions, 
assume that development work on a new product, Model Z, 
has been completed and production drawings are required. 
Prime number 4444 was taken out to cover this new 
product when it went into development. This number was 
recorded in a card file because new numbers are constantly 
being assigned within the system rather than serially, as 
in a purely numerical system. 

The 17 x 22 in. cloth tracings will be numbered 4444-B1, 
4444-B2, etc; the 814 x 11 in. cloth tracings will be listed 
4444-D1 and so on. Individual parts detailed on 5 x 8 in. 
drawings will be numbered 4444-X1 and up, and small 
assembly drawings will be numbered 4444-G1 and up. 
For individual parts or assemblies appearing on the larger 
drawings, a part number is formed by adding appropriately 
an X or G and the next unused serial number. Thus, indi- 
vidual parts not detailed on individual drawings that appear 
on 4444-D1 will bear part numbers 4444-D1-X1, 4444-D1- 
X2 and so on. If a sub-assembly on 4444-C2 requires a part 
number, the sub-assembly will be listed as 4444-C2-G1 in 
the record. 

This example illustrates how the system completely avoids 
the need for a cross reference of part numbers to drawing 
numbers. It also reduces detailing and results in greatly 
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simplified maintenance, because only the prime numbers 
must be indexed and the majority of allied information is 
associated under a given number. 

There are a few other features of the system worthy of 
mention. All finished drawing sizes are multiples of 814 x 
11 in. letter size sheets and thus will fold for vertical filing 
of office and shop prints. While very common today, this 
practice was somewhat of an innovation when first adopted 
some thirty-five years ago. The separate designation of cloth 
and paper tracings is also of value since it is impractical to 
file both kinds of tracings intermixed in the same drawer. 
And last, the useful life of tracings can be extended by cut- 
ting them somewhat oversize and using trim lines to show 
the actual print size. Tracing sheets usually measure from 
one to two inches larger on each dimension than the draw- 
ing sizes shown in Table I. 


Manufacturing Specifications. The system extends to other 
forms of engineering documents and permits a closer cor- 
relation of all engineering information. One of the most 
desirable extensions arises from the fact that industrial 
electrical control equipment is sold in an infinite variety of 
arrangements of standard devices and components. There 
is a continuing problem of setting up new devices that differ 
only in arrangement from other devices, yet must be posi- 
tively identified. This problem is overcome through the 
use of manufacturing specifications that detail—without 
drawings—the makeup of specific arrangements. The prime 
number is the same as that assigned to the major item con- 
cerned and the letter $ is used to designate the specification. 
To return to the example above, Model Z can be supplied 
in a variety of enclosures to meet varying conditions of use 
and with a multitude of accessory arrangements to meet 
specialized requirements. These variations will be listed 
as manufacturing specifications 4444-51, 4444-52, etc. 


Material Lists. Certain specialized devices manufactured 
from common parts would have an assembly drawing that 
merely lists the components. For devices of this type, which 
do not require instructions as to sequence or method of 
assembly, M lists, keyed to the appropriate prime number, 
are used. Thus, if a major assembly in Model Z is iden- 
tified by part number 4444-B2-G12, and if a part of this 
assembly is modified slightly for a specialized purpose, the 
parts showing the change are listed on Material List 
4444-M1, and a notation is made to the effect that no draw- 
ing is involved. 


Performance Data. In some cases, it is necessary to asso- 
ciate data on performance with the devices concerned. This 
is accomplished by use of / drawings normally made on 
81, x 11 in. graph paper. The first performance curve pre- 
pared on Model Z would be drawing number 4444-/1. 


Here, too, cross-referencing is avoided. 


Preliminary Sketches. During the development of Model 
Z, many drawings and sketches were made. Though they 
were preliminary in nature and merely indicative of design 
trends, some of them are used for quotation and other pur- 
poses, and therefore require a number. To keep their iden- 
tity separate from other drawings, they are assigned numbers 
in the K series. Thus, Original Idea No. 1 on Model Z 
is preserved under the 4444-K1 designation. 


Special Part Numbers. In connection with the use of part 
number suffixes X and G (added to drawing numbers to 
form part numbers), there are other classes of information 
that require special part number treatment. There may arise 
a class of product (such as magnet coils) where many basi- 
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cally similar, yet distinct, items are manufactured. Although 
it is desirable to distinguish among them, it is equally 
important to identify all according to their common char 
acteristics. This problem has been solved by writing an S 
specification on the class and then assigning individual part- 
number. suffixes, using letters other than X or G, i.e., all 
magnet coils of a given size and shape are covered by a 
single specification; variations in wire size and number oí 
turns are indicated by special part-number suffixes. 

Returning to Model Z, there may be a series of com- 
ponents designed for use with this product and manufac- 
tured in multiples of two-inch lengths. A specification 
4444-S4 is written on the general construction of these 
components and the individual lengths identified as 4444- 
S4-L2, 4444-S4-L4 and so on. 

Revisions. The final feature of the regular part number- 
ing system is the method of designating revisions to all the 
above types of numbered documents. To afford maximum 
flexibility, straight alphabetical suffixes were adopted. 

When more than twenty-six revisions are made, a 
double letter system is used starting AA, AB, AC, and so 
on through revision 52; then BA, BB, BC, etc. More than 
700 revisions can be used before a new drawing or specifica- 
tion number is required. 

It should be noted that only drawing and specification 
numbers are revised. The problem of using letters in three 
positions is thus avoided, 1.e., there may be a part number 
4444-B2-G12, but revisions are made to the drawing as 
4444-B2-A or 4444-B2-B and not to the part number. The 
case involving the small X and G drawings for which part 
and drawing numbers coincide is a special one. In a sense, 
revision of these drawings constitutes a revision to the part 
number. But since the "drawing or part number initially 
contains a letter in only one position, there is no added 
complication of the tabulating operation. 


General Information. One aspect of engincering data 
not adequately covered by this or any other drawing number 
system is general engineering information that exists in one 
form or another. Classification of this information is han- 
dled by the Universal Decimal Classification, a version of 
the Dewey Decimal Classification modified for use by com- 
mercial firms as well as libraries. 


Auxiliary Systems in Similar Form 
Along with the drawing and part numbering system just 
described, there is also the need for identifying raw mate- 
rials and purchased common parts not covered by local draw- 
ing or part numbers. 


Raw Materials. Designations for raw materials are basi- 
cally specifications, yet they cannot be assigned prime 
numbers from the drawing number series because the prime 
drawing numbers pertain primarily to devices. A system 
similar in form to the drawing number system was devised. 
This consists of a three-digit prime number followed by 
the letter R, and a number identifying specific character- 
istics, grades or dimensions. The prime numbers identify 
the basic material by the first two digits, and a particular 
class or type of that material by the last digit. 


Purchased Common Parts. The system established for 
common parts purchased from outside sources is basically a 
part number system. It was devised to resemble the draw- 
ing number system and consists of a four-digit prime num- 
ber followed by the letter W and a number for a particular 
part. The first two digits of the — number identify a 
class of part, such as round head screws, hex nuts, lock 
washers, solid rivets or electrical components; the last two 
digits refer to a particular type of that part such as round- 
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head iron machine screw or round-Phillipshead iron machine 
screw. These are in turn broken down by suffix digits ac 
cording to specific characteristics 


Universal Decimal Classification 


The general engineering information not identified by 
specific document numbers presents a serious problem of 
classification. For many years, modifications of the Dewey 
Decimal Classification have been used to classify informa- 
tion of this type. The Dewey system suffers the disadv antage 
of having been designed especially for library use, there 
fore, efforts to improvise a system for business use have 
been underway for many years by the International Federa- 
tion of Documentation. Information on the Universal Deci- 
mal Classification, Fig. 2, is available through the American 
Standards Association. 

The use of U.D.C. apes to be fully justified. First, 
some such system must be devised or the mass of abstract 
information collected over the years is unusable. Secondly, 
the system is already "engineered," has been published, 
and requires only familiarization py the personnel. Lastly, 
its international and universal nature is assurance that, once 
in effect, it may be extended but not altered. 

For drawing and parts numbers, the U.D.C. offers an 
opportunity to provide readily available engineering in 
formation. As each prime number in the drawing number 
series is assigned, the proper location for the subject of the 
number in the U.D.C. is — A cross-reference card 
file shows exactly which drawing number series has been 
assigned to any given subject. 

To locate pertinent drawing number series easily, it is 
sometimes necessary to cross reference a prime number to 
two or more subjects and then make multiple entries in 
the file. It is then possible to locate rapidly all the drawing 
number series pertaining to a subject regardless of the 
viewpoint from which it is approached 


THE DRAWING AND PART NUMBERING SYSTEM 


AAAG-CA-XA 


Indicates the 4th 
ii" x 17 "cloth 
tracing on 4444 


Prime number: 
Identifies mojor item 
or closs of common 
ports 


indicates 4th 
individual port 
detailed on 
4444-C4 


Fig. 1 —Example to show how a drawing number can be 
amended to form part number by adding X-number suffix. 


UNIVERSAL DECIMAL’ CLASSIFICATION 


LI rr 
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Ep 
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621,316. 718.5 


Fig. 2—First three or more digits are frequently replaced by 
abbreviations in order that references will be more concise. 
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Elaborate equipment used for testing the primary flight control system of 


So many factors must be considered 
in modern design that it is difficult 
to properly evaluate their relative 


importance. Proper functioning 


under various operating conditions, 
serviceability, producibility, appear- 
ance, cost and safety are some of 


the more important items. 


C. L. BATES 


Assistant Director of Engineering 
Ryan Aeronautical Company 


THE FUNCTIONAL APPROACH to de- 
sign can be considered as the syste- 
matic analysis of required operating 
conditions, effect of environment, me- 
chanical characteristics and overall sys- 
tem requirements. Sometimes this 
includes a malfunction analysis. 

The same design approach applies, 
whether the article being designed is 
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M Pacton 


a typewriter, an amphibious tank or an 
airspeed indicator for a high speed 
airplane. There are obvious differences 
in detail considerations, but in all 
three cases, a careful study of the func- 
tional items mentioned above is im- 
portant in product development. 

Each functional component can be 
considered a system—a transmission 
is a system of precision machined 
parts. In turn, every system can be 
treated as a component in a larger sys- 
tem—an airplane control system is part 
of the airplane which behaves as one 
big system, and the airplane itself is 
a component in an air defense or 
transport system. Good design must 
therefore include consideration of 
the functional relationships between a 
given system and other systems with 


which it must operate. This approach 
insures integration. of the system to 
achieve complete compatibility. 


Operational Functtons 


Generally, there are many operating 
conditions to be considered in a given 
design. Failure to have these condi- 
tions adequately described so that all 
designers working on a project can 
study their effects, will almost surely 
lead to unsatisfactory results; many 
design “bugs” are traceable to such 
failures. 

Components can be operated man- 
ually or automatically. A valve in an 
aircraft fuel system may be a simple 
type with a handle turned by the pilot, 
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an airplane demonstrates importance of 


Aspects of Design 


automatic 
designer must carefully 
disadvan- 


or a part of an 
system. The 
study the advantages and 
tages afforded by automaticity for such 
applications. 

Once the choice is made, this fact 
becomes a functional requirement to 
the equipment manufacturer. 

Another important consideration is 
whether a unit is part of a normal 
system, a standby system, or an emer- 
gency system. Many emergency sys- 
tems are designed for one-shot use 
without provision for resetting. A 
fire extinguishing system may have a 
simple rig to open the valve but little 
or nothing for closing it again; an 
airplane ejection seat is strictly an 
emergency unit. Other assemblies may 
be of a standby nature with permis- 


sequenc ing 


sible short life in the 
ing weight and cost. 

These illustrations point up the 
problem of duty cycle. Many systems 
require considerable power for short 
periods of time, while average power 
requirements are comparatively low 
This is true of many power control 
systems for which the duty cycle must 
be known so that the lightest possible 
system can be designed 

A duty may be continuous 
intermittent, cyclic, or conform to a 
special pattern. requirements 
for the various cycles usually differ so 
that design for such items as adequate 
heat dissipation depends largely on 
full knowledge of this factor. If a sys 
tem is being designed for operation at 
maximum power, without regard to 


interest of Sav 


Cyc le 


Pe ywer 
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Fig. 1—Up-leck or airplane landing 
gear has combination of electrical and 
mechanical drives to fulfill functional 
requirements. Dependability under 
various environmental conditions is 


essential to efficient safe operation. 


duty cycle, the resulting systems will 
probably be unduly heavy and much 
more complex than necessary 
Intermittently operated equipmem 
requires a knowledge of the periods 
and duration of operating cycles. Ele 
tronic gear may be operated only dur 
ing certain phases of an airplane Š 
flight or it may be operated intermit 
tently. A fuel pump — operates 
continuously until the tank it serves is 
emptied, then becomes inm e for 
the remainder of the flight. In con 
trast, fuel level float valves may oper 
ate intermittently throughout a flight 
at more or less regular intervals. By 
analyzing operating conditions care 
fully, it is possible to put realistic 
values on the functional requirements 
A comparison of the number of 
cycles required for different items can 
be made between an airplane landing 
gear and a motor that drives a radar 
scanner. Assume the maximum useful 
life for a given airplane is 1,000 hr 
and the average length of flight is two 
hours. Since the gear 
for every flight, there 
required cycles during flight opera 
tions. To this must be added the 
cycling required as normal ground pro 
cedure whenever the gear rigging is 
altered during servicing. This might 
be another 500, or a total of 1,000 
cycles. Compare this with the motor 
that drives the vertical strokes of a 
radar scanner. Six times every 
this motor comes to a full stop 
end of 


iS cycled once 


} 


would be 500 


3C ond, 
at the 
and then r 
Assuming the radar is operated 
during 80 percent of the airplane 
flight time, or 800 hr, the motor must 
be capable of operation through at 
least 17,000,000 cycles 

Highly elaborate sequencing opera 
tions are required of some systems 
For a retracting landing gear, these 
may be largely mechanical—unlocking 
the down-lock mechanism. opening a 
door, retracting the gear, 
door, locking the ge 
and locking the door 

Electrical sequencing is frequently 
an important factor. In the case of 
the landing gear, Fig. 1, limit switches 
may indicate that the gear is up and 
locked, or down and locked. Even in 
such simple installations, failure to 
analyze carefully the functional re- 
quirements and conditions can lead to 
unnecessary troubles 

A problem—in the 


its motion, rests, 
verses. 


closing th 
in up position 


form of a 
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“warm-up time"  requirement—has 
arisen in a number of systems. For 
one aircraft radar system, a warm-up 
ef four minutes was required, which 
was approximately the total time re- 
quired from scramble signal to combat 
altitude. Compared to this, an inter- 
valometer (armament timer) took 
0.005 sec to reach full speed; even this 
was too long for the intended use 

Hydraulic systems also have 
“warm-up requirements when oper- 
ating at very low temperatures. Small 
orifices strategically located in the 
lines have often been the answer. 

In certain a-c powered electrical 
units, precise operation depends upon 
the accuracy of frequency regulation. 
Even an airplane of moderate size 
may require as much as 40 kva of 
alternating current. Close regulation 
of so much power aboard an airplane 
has presented the manufacturers of 
constant speed drives with some diffi- 
cult functional problems. At the same 
time, it has made them look over 
the system to see if there are other 
means of attaining accuracy. 

This problem of regulation is also 
important in hydraulic systems. If a 
control actuator is designed for a 
3,000 psi system, it is assumed that 
3,000 psi will be available for control 
because full-load operations may be 
impossible without it. Conversely, 
pressures must not exceed the design 
value, since the components in the 
system have been designed to operate 
only up to this pressure. 


Environmental Factors 


It is essential that environmental 
factors be considered during the design 
of any component. A part may operate 
satisfactorily during a routine labora- 
tory test at normal temperatures, but 
be wholly unacceptable in service. 

The problems of high and low 
temperature operation must be met by 
virtually every item of equipment 
which operates out of doors. Current 
aircraft specifications call for qualifica- 
tion at —65 F and 160 F, with the 
implication that each unit must oper- 
ate satisfactorily at any temperature in 
this range. 

The upper limit of these specifica- 
tions is no longer satisfactory, and 
parts are already being required to op- 
erate above the limit, mainly because 
of aerodynamic heating. When an air- 
plane flies at high speed, the air sur- 
rounding it is heated by kinetic action. 
Thus, any air taken aboard, such as for 
cooling purposes, experiences this 
adiabatic rise. Stagnation tempera- 
tures for planes now on the drafting 
boards are in excess of 200 F. With 
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Factors to Consider When Analyzing 


the Functional Aspects of a Design 


I. Operating Conditions 

(1) Manual vs powered 

(2) Manual vs automatic 

(3) Normal, standby or emergency 
(4) Continuous, intermittent or cyclic 
(5) Short vs long life 

(6) High vs low temperature 

(7) Speeds required 

(8) Load conditions 

(9) Motions required 


II. Environmental Conditions 


(1) High temperature: 

(a) Heat from outside sources 
(b) Heatgenerated by equipment 
Low temperature 

Abrasion: (a) grit (b) sand and 
dust (c) metallic particles 
Corrosion: (a) Salt water (b) 
From handling (c) Contact with 
acids 

Fungus 

Altitude (low pressure) 
Vibration 

Acceleration 

Impact (shock) 

Thermal shock 

Moisture: (a) Liquid (b) Ice 


(2) 
(3) 


(4) 


(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 


III. System Characteristics 
(1) Mechanical: 
(a) Response time 
(b) Backlash 
(c) Increment of control 
(sensitivity) 
(d) Position lag 


equipment qualified for use at only 
160 F, it is necessary either to limit 
the airplane speed-altitude combina- 
tion to avoid the higher temperatures 
(restrict the speed at low altitude) or 
to refrigerate all equipment under 
these conditions. While this may be a 
boon to manufacturers of refrigeration 
equipment, it is a headache to airplane 
designers. 

The temperature limit is also ex- 
ceeded around units mounted in en- 
gine compartments, as well as in 
crowded spaces where electronic com- 
ponents and other heat-generating 
equipment are housed. One aircraft 
armament fire control system has 89 
separate "black boxes," nearly every 
one of which is a heat-producing unit. 

The heat problem is present in many 


(e) Overshoot 

(f) Nominal travel 

(g) Efficiency 

(h) Friction 

(i) Lubrication requirements 
Cj) Strength 

(k) Rigidity 

(1) Input vs output motion 
(m) Input vs output force 
Electrical and Electronic: 
(a) Frequency regulation 
(b) Voltage regulation 

(c) Compatibility of components 
(d) Feedback 

(e) Noise (hash) 

(f) Arcing 

(g) Microphonics 

(h) Saturation 

(i) Grounding 

(j) Static charges 

(k) External interferences 


Hydraulic and Pneumatic: 
(a) Pressure regulation 
(b) Sealing 

(c) Surge loads 

(d) Pressure drop 

(e) Flow rates 

(f) Compressibility 

(g) Valve characteristics 
(h) Chatter (instability) 


IV. Human Factors 
(1) Availability of controls to operator 


(2) Optimum arrangement of con- 
trols 
(3) Color in control handles 


(4) Special shapes on control kncbs 


forms. Co-axial cable is filled with a 
plastic material which flows at tem- 
peratures above 170 F, thereby limit- 
ing its use. Since copper wire loses 
conductivity as temperature rises, 
heavier gages must be used in high- 
temperature areas. 

Of special interest is the behavior 
of ordinary aircraft structural materials 
above 200 F. The 24S and 75S alumi- 
num alloys lose approximately 10 per- 
cent of their strength at 200 F. At 250 
F, 24S is down to 80 percent of room 
temperature strength, while 75S is ap- 
proximately 65 percent. At 300 F, 
the values are 60 and 40 percent, re- 
spectiv ely. 

Analysis indicates that components 
exposed for long periods to low tem- 
peratures remain at low temperature 
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SUBJECT:__Avtopilot 
SECTION: 


———— 


ENGINE ER: 
CHECKER: 


——— 


———— — 


M 
AXIMUM AND MINIMUM VELOCITIES AVAILABLE 


Hydraulic Cylinder Data: 


l. Aileron: (N.A.I. Assembl 
1.976 sq in 


2 (13-deg suríace travel) 
125 spool displacement) 


Piston area — 

Cylinder stroke — 0.8 

Maximum flow (0. 
1.54 gpm 


= 5.93 cu in./sec (max) 
Cylinder displacement rate 


= 3.00 in./sec (max) 
Time required for 0.82 c 
— 273 sec (min) 


. Elevator: (N.A.I. Assembl 


Piston area — 1.0 i 
Cylinder stroke ime 
Maximum flow 
= 0.6 gpm 
= 2.31 cu in./sec 


Cylinder displacement rate 


= 2.276 in./sec (max) 


y No. 566368) 


y No. 566338) 


ylinder stroke 


w - 


— — 


= 1.85 (29-deg. surface travel) 
(0.125 spool displacement) 


Time required for 1.85 cylinder stroke 


= 0.813 sec (min) 


3. Rudder: (N.A.I. A 
Piston area — 0.482 Sq in. 
Cylinder stroke — 2.25 
Maximum flow (0.125 s 

— 1.54 gpm 
= 5.93 cu in./sec 

Cylinder displacement rate 

— 12.3 in./sec (max) 


ssembly No. 565816) 


(40-deg surface travel) 
pool displacement) 


Time required for 2.25 cylinder stroke 


0.183 sec (min) 


for a considerable time, even though 
the surrounding air is warmed to a 
comfortable temperature. This is the 
situation in arctic operation. Parts that 
must operate throughout a tempera- 
ture range of 225 F or more can have 
troubles from this source. Close-fit- 
ting running pacts are especially sus- 
ceptible, but just as important are 
press-fit parts that may be loose at 
one temperature extreme or the other. 
Perhaps as important as the abso- 
lute temperature values, are the prob- 
lems of thermal shock or rapid changes 
in temperature. An extreme case is the 
turbine wheel of a jet engine. On 
starting, a cold wheel is subjected to 
gas temperatures of 1,200 F; seconds 
after ignition it is under heavy load. 
In addition to the heat problem, 


other environmental factors require 
consideration. In vehicles that operate 
in the desert, dust and sand become 
problems. Many areas are ventilated 
by ducted air from external sources, 
and the functional units in these areas 
are subjected to whatever dust and 
sand enter with the cooling air. Air- 
craft parts must be designed for these 
conditions too, although the problem 
is normally only near the 
ground. 

Vehicles operating near the sea- 
coast are subjected to salt water corro- 
sion; only meticulous attention to the 
protection of components can prevent 
these effects from becoming serious. 
Salt spray penetrates the working parts 
of operating units unless they are care- 
fully sealed. This problem is particu- 


severe 
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larly severe in aircraft, because of the 
extensive use of very thin materials 
and light alloys. Magnesium presents 
serious problems but has performed 
successfully when properly protected. 

Other items of equipment may 
have their own corrosive environments. 
Parts operating in fuel systems, espe- 
cially with aromatic fuel, are a good 
example. Of course, equipment used 
to handle acids or foodstuffs has to 
meet extreme conditions of corrosive 
environment, which, in this one re- 
spect, are much more severe than those 
that normal equipment must handle. 

In tropical climates, there is the 
problem of fungus growth. Many or- 
ganic materials, and particularly fabric 
materials, are subject to fungus dam- 
age. Test procedures for fungus sus- 
ceptibility have been set up and are a 
requirement for aircraft functional 
components. 

The effects of altitude on functional 
requirements can be serious unless at- 
mospheric conditions are carefully 
analyzed in advance. At reduced air 
pressures, electrical equipment is sub- 
ject to arcing. This has led to the 
development of special contactor and 
insulating materials, as well as various 
methods of supercharging equipment 
Another effect is related to the heat 
problems described above. High-alti- 
tude air is often too thin to provide 
adequate cooling. 

In aircraft applications, vibrations 
and acceleration problems need special 
attention. More careful dynamic analy- 
ses are required than in many other 
industries, simply because additional 
weight is permissible only in the criti- 
cal areas—and then as a last resort. 


System Characteristics 


There are a number of mechanical 
characteristics that come under the 
general heading of "accuracy." These 
are especially important in the design 
of control devices. A careful study of 
each item is normally required before 
a reasonable set of tolerances can be 
established for the mechanical parts of 
any control system. 

The first "accuracy" item is back- 
lash. In a gear train, this is an accumu- 
lation of tolerances in the gears and 
their mountings. There are many other 
cases of backlash that are neither so 
easily visualized nor simply defined. 
In a hydraulic control, Fig. 2, there 
may be a dead spot at neutral position 
where there is no force in either direc- 
tion. There may also be a zone on 
either side of this dead spot where the 
force vs. displacement curve is non- 
linear. In high pressure systems, this 
curve is very sensitive to orifice shape, 
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thereby making it imperative to know 
in advance the required conditions. 

Another form of backlash occurs 
when a flexible connection is used be- 
tween the input and the output ends 
of the system. A typical illustration 
is a cable control system where stretch 
must be considered. In a long run of 
cable, backlash can be an appreciable 
factor. 

The second “accuracy” item is mini- 
mum increment of control. In an au- 
tomobile steering mechanism, this in- 
crement is very small; in early power 
steering experiments, the minimum in- 
crements were large enough to be no- 
ticeable to the operator and so were 
considered unacceptable. 

Many control devices have incre- 
ments composed of definite "e In 
others, the increment may depend 
upon such fickle quantities as the dif- 
ference between static and kinetic fric- 
tion or upon "stiction" in a valve 
spool. Here, the value can vary from 
unit to unit, be different on a warm 
day or a cold day, or even depend 
upon whether the unit has been re- 
cently operated. 

Another group of "accuracy" con- 
siderations includes position lag and 
position accuracy. It is desirable for 
any control to have output positions 
follow input positions instantaneously 
and exactly; some purely mechanical 
devices approach these conditions. But 
where the system is complex, where 
flexible links are involved, and where 
backlash cannot be loaded out, these 
items frequently result in unsatisfac- 
tory operation. 

These same problems exist in many 
other types of mechanisms. How 
closely does the hand on the airspeed 
indicator follow the pressure values in 
transient flight conditions? If the pres- 
sure lines are long, the lag can be ap- 
preciable. If there is friction in the 
instrument, there may be problems in 
both minimum increment and position 
accuracy. 

Still another set of "accuracy" items 
includes overshoot and springback. 
Overshoot is particularly troublesome 
with electric motor drives. It is impos- 
sible to stop any mechanism instan- 
taneously, and stopping a motor that is 
turning at 10,000 rpm in a fraction 
of a turn, while not instantaneous, is 
still difficult. 

In addition to the "accuracy" items 
discussed above, other mechanical 
characteristics are important from a 
functional standpoint. These include 
nominal travels, travel adjustment, me- 
chanical advantage and friction. 

In most applications, nominal travel 
would appear to be a simple calcula- 
tion. But even in the seemingly sim- 
ple cases, it is advisable to establish 
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the travels of linkages and bellcranks 
carefully to take care of adjustments 
in neighboring parts, manufacturing 
tolerances and, sometimes, the effects 
of wear in service. The same analysis 
applies when specifying mechanical 
advantages for systems of linkages. 
Unless specifically designed to remain 
constant, the mechanical advantage of 
a linkage system will probably vary 
considerably with position. 

Calculations of friction in a complex 
system of cables, pulleys, linkages and 
gears presents a ‘dificult problem. Yet 
it is possible to predict frictions quite 
accurately if basic data are obtained 
from tests. In aircraft flight control 
systems, friction can become a very im- 
portant factor because it produces a 
sharp break in the force curve when 
the controls are reversed. This causes 
erratic control and unsatisfactory con- 
trol "feel." 

The differences between static and 
kinetic friction can lead to erratic 
action of a mechanism or control de- 
vice, since the breakaway force or "stic- 
tion" is greater than the force of 
kinetic friction, The latter varies with 
surface materials, surface finish, ve- 
locity, temperature and foreign ma- 
terials, which may either lubricate or 
increase the friction produced between 
the rubbing surfaces. 

The foregoing discussion shows 
that there are many problems in mak- 
ing a series of components function 
properly as a system. To illustrate the 
interrelationship between component 
and system functional requirements, 
take an electrical system composed of 


a 28-v d-c power source, an inverter, 
a voltage regula:o: and a radar set. 
Each unit can be tested thoroughly and 
shown to perform normally, yet be 
entirely unsatisfactory in a system un- 
less the exact system requirements are 
used in the component tests. 

Some of the more common system 
problems crop up in this electrical sys- 
tem. It is not uncommon to have feed- 
back loads in the system which cause 
erratic voltage regulation. This is es- 
pecially true when the load includes 
strong transients. In other cases, the 
inverter may have a response time too 
long to follow the load require- 
ments and consequent signal from the 
voltage regulator. And system noise 
("hash") may be so great that radar 
detection is impossible. 

Another problem arises when a 
human operator is the medium for 
closing the loop in a system. Elab- 
orate tests have been run to determine 
human response characteristics so that 
such loops can be studied by mathe- 
matical means. Of necessity, statistical 
data represent the average operator. 

Occasionally, a peculiar vibration 
problem crops up. For years, aircraft 
instrument panels were attached to the 
airplane structure by shock-mounts to 
keep the instruments from shaking 
themselves to pieces from vibration in- 
duced by reciprocating engines. When 
jet engines were installed in early jet 
models, some of the instruments failed 
to function smoothly because there was 
no vibration. No one had thought to 
include absence of vibration as an en- 
vironmental requirement. 


Functional Quality and Malfunction Analysis 


The 
means that a = is adequate for the 


term “functional quality” 
purpose intended, but no better. This 
involves both design and manufactur- 
ing methods. If a part is being ma- 
chined to 0.001-in. tolerance when 
0.010 is sufficient, it does not have 
functional quality. If a part on an 
expendable missile is cadmium plated 
when a cheaper finish would do as 
well, it does not have functional 
quality. The same analysis is applied 
to whole machines as well as to in- 
dividual parts. 

As stated above, any system of 
mechanization that is at all complex 
will more likely be successful if a 
careful functional analysis is prepared. 
But wherever a failure involves safety, 
as in almost any vehicle, a malfunc- 
tion analysis should then be con- 
sidered. 

This type study is usually a syste- 
matic analysis of the effects of com- 


ponent failures, together with methods 
of preventing unsafe conditions. Such 
an analysis may start with a study of 
the probability of failure of various 
parts. Consider an aircraft flight con- 
trol system in which the purely me- 
chanical parts appear wholly reliable. 
The probability of failure in the con- 
trol stick would be regarded as ex- 
tremely remote. On the other hand, 
an electronic autopilot is subject to 
failure and the effects of such failure 
must be considered. If the failure of a 
vacuum tube or an electrical circuit 
can cause a "hard-over" signal in the 
autopilot, then some sort of protective 
device must be added to prevent such 
action or effects. 

Some of these safety devices have 
proved more difficult to design than the 
parts they are protecting. Regardless of 
complexity, the malfunction analysis 
definitely establishes the need for such 
protective devices. 
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Determining development 
and manufacturing cost. 


Fig. 1(A) 


Maximum 
breok even- — 
point 


Maximum permiss | ble 
fixed cosf 


400 600 


Number of Units 
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BREAK-EVEN 
CHARTS: 


They'll Tell You If A 
Product Should Be Made 


Determining profit and break-even point 
by plotting selling price, sales potential, 
development, and the manufacturing cost. 


o 
o 250 750 


UsE OF A BREAK-EVEN CHART to pre- 
dict the volume in which a product 
must be made before the company 
starts making a profit is often the sim- 
plest method of answering one of the 
most difficult questions faced by the 
engineering department: "Should we 
recommend development?” 

In basic form, such a chart is a plot 
of anticipated income from sale of a 
product versus the cost of developing 
and manufacturing it. Readily deter- 
mined is the unknown factor—the vol- 
ume necessary before all indirect 


1000 
Number of Units 


Manufacturing 
cost 


Tooling cost 


Development cost 


1250 1500 1750 2000 


Potential sales 


charges are paid for, direct costs are 
covered, and a profit is made. 

Break-even charts can be used also 
in other ways: To compare virtues of 
one design with those of another; to 
determine whether unit costs will be 
too high to insure sales; or even to aid 
in the selection of production equip- 
ment, determine whether plant mech- 
anization is practical, or decide whether 
manufacturing shifts should be ex- 
panded. 

In new product development, the 
break-even chart can reflect the eco- 
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nomic survival of a project, whether 
the factor to be determined is the point 
of profit and break-even, or the cost of 
development and production. 

Where profit is unknown, Fig 
I (B), estimates calculated for plotting 
should be as accurate as possible. If 
these estimates are also conservative a 
clearer picture for decision will be ob 
tained. 

Factors from which these estimates 
are derived should include: 


1. Projected Selling Price based on 
market potential and the competitive 
situation. It might also prove advan- 
tageous to establish minimum and max 
imum limits. On the chart: $26.50 per 
unit 

2. Sales Potential based on competi- 
tive considerations such as market con 
ditions, quality of product, and selling 
points. Range between minimum and 
maximum expectations should be in- 
cluded. On the chart: 1,500 units min 
imum; 2,000 units maximum 
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Fixed cost of machine 'A" 


2poo 4000 6000 


Number of units 


Fig. 2—Selecting Equipment. Fixed cost of 
equipment is plotted with unit production 
cost, Choice is determined by production. 


3. Development Cost 

a. Development engineering 

b. Development drafting 

c. Pilot model or models 

d. Preliminary testing 

e. Allowances for modifications 
of drawings and models 

f. Other pre-production 
exclusive of tools 

On the chart: $7,500.00 


costs 


4. Cost of New Tools and Expan- 
sion of Facilities. On the chart: 
$3,400.00 
the 


5. Manufacturing Cost On 


chart: $15.85 per unit. 


When this factor is plotted on the 
chart, the economic survival of the 
product is more evident. If the position 
of the break-even point permits an 
acceptable profit despite the conserva- 
tive estimates—and adverse price and 
market conditions based on lowest sell- 
ing price and minimum sales potential 

the product can be considered worth 
investment and further development 
can be justified. 

If the break-even point indicates a 
marginal return or a loss, the project 
may warrant modification, but in all 
likelihood, it should be dropped. As 
actual development progresses or im- 
portant modifications are made, the 
new data obtained can also be charted 
so that if the break-even point does 
fall beyond safe economic limits, that 
fact will be brought out. In Fig. 1(B) 
the location of the break-even point 
indicates that profit will begin at less 
than the minimum sales potential. 
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Where development and production 
costs are being determined, Fig. 1 (A), 
the chart can show whether economic 
restrictions imposed by a required 
profit and break-even point are pro- 
hibitive, Assume that the sales force 
advises the engineering department of 
a customer's request for the production 
of a new device with a total sales po- 
tential of 1,000 units and a total price 
of $100,000.00. Management has giv- 


OTHER USES 


The flexibility afforded by the break- 
even chart can be applied to a variety 
of other engineering problems in addi- 
tion to new product analysis. 


Equipment Selection: The break- 
even chart is a practical means of com- 
paring two or more sets of data. In 
determining which of two machines is 
more economical, Fig. 2, the fixed cost 
of the equipment is plotted with the 
unit production cost achieved with 
each: 


Machine Machine 
A B 

Initial Cost $1,500.00 $6,000.00 
Unit Production 
Cost 5 .15 
The chart shows that it is more eco- 
nomical to purchase Machine A if pro- 
duction will not exceed 7,500 units. 
For higher quantity production the 
economy lies with Machine B. The se- 
lection of equipment will, therefore, 


400 600 
Number of units 


800 


Fig. 3—Mechanization substitution. Inter- 
section of device's labor cost and previous 
hand labor cost represents break-even point. 


en a conditional approval based on the 
assurance of a ten percent minimum 
profit and a break-even point at 500 
units. Plotting the limitations shows 
the engineer that approximately 
$9,000.00 must cover costs of develop- 
ment, tooling and facilities, and manu- 
facturing. These data combined with 
experience will then enable him to ad- 
vise Management as to the practicality 
of the project. 


FOR CHART 


depend upon the sales forecast, pro- 
duction schedule, obsolescence of prod- 
uct, or depreciation and maintenance 
factors. 


Mechanization Substitution: Break- 
even charts offer a particularly con- 
vincing argument of their effectiveness 
when employed to show the advantages 
of mechanized production over those 
of hand labor. Assume that a new 
wrapping device, costing $500, is be- 
ing considered for a job where 1,000 
units are handled yearly. Complete 
manual labor costs per unit total about 
one dollar, but the use of the wrapping 
device is expected to reduce the labor 
cost to 25 cents. The “break-even” 
chart, Fig. 3, is constructed quickly 
from this data. Line b-b represents the 
fixed cost of the device, line b-c its 
labor cost, and a-a the hand labor costs. 
The intersection of a-a and b-c is the 
break-even point—at approximately 
670 units the wrapping device is paid 
for and mechanization is indicated. 
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Developments To Watch 


NO MORE GAGE NUMBERS ... 
There is a strong movement under way 
for the abolition of the use of arbitrary 
numbers and letters to designate such 
things as sheet thicknesses, strip thick- 
nesses, wire diameters, drill diameters 
and screw diameters. As of today, the 
whole situation is rather chaotic. The 
diameters of steel wires can today be 
expressed in gage numbers of the 
Washburn and Moen System or the 
Roebling System. Of course the British 
have a standard for iron and steel sheets 
and hoops which is entirely different 
from the U.S. Standard for sheet metal. 
The latter is based upon the weight 
per square foot of the material. The 
gage numbers for the thickness of raw 
iron sheets are based upon a density of 
480 Ib per sq ft, while steel sheets have 
gage numbers based upon 489.6 Ib per 
sq foot. 

But that is only the beginning of the 
confusion. There is also the Stubbs 
Steel Wire Gage Numbers which are 
used for steel wires and twist 
drills And of course there is the 
Birmingham Gage which is used in 
the United States for wires, but not 
steel wires only brass wires. 

The old original Brown & Sharpe 
Gage Numbers are now also known 
as the American Wire Gage. This is 
quite a pseudo scientific system of 
gaging. It is a uniform geometrical 
program of wire diameters. The smaller 
the gage number the bigger the diam- 
eter of the wire. Each successive gage 
number represents a diameter that is 
0.89053 times the diameter correspond- 
ing to the preceding gage number. 
This is quite tricky. Taking the reverse, 
every wire diameter is 1.123 times the 
diameter of the next smaller wire. This 
makes the ratio of the cross sectional 
areas 1.261 or 11⁄4 times approxi- 
mately. Figure it out. It means that 
every sixth gage number has a diam- 
eter about twice that or one-half de- 
pending upon which direction you are 
going. 

And if you are checking cross sec- 
tions, every third gage number has a 
cross sectional area about two times 
that of three gage numbers higher. 
All this is so devastatingly confusing 
that the design engineers are now 
throwing all of these arbitrary stand- 


also 


ards to the wind and are expressing 
thicknesses and diameters in thousands 
of an inch. 

Of course when it comes to drill 
sizes, some of them are designated by 
number and some of them by letters 
of the alphabet. In both cases, it makes 
equally little sense and one cannot 
blame engineers for discarding these 
arbitrary pointless designations. 


PUNCH CARDS REDUCE DE- 
SIGN COSTS. .. It has long been the 
dream of top engineering executives 
to be able to schedule engineering jobs 
with some degree of accuracy. Now 
we have a tremendous shortage of 
engineering manpower, steadily in- 
creasing design costs and a strong need 
for more efficient operation in the 
engineering design department. The 
forces that motivated the adoption of 
economic procedures in the engineer- 
ing design departments ten years ago 
have now been multiplied manifold. 

Estimating and scheduling cannot be 
done intelligently unless the data on 
which it is based are available. In the 
past, the cost of keeping accurate 
records overwhelmed the value of the 
economies that might result from such 
cost keeping records. 

Today the introduction of punch 
card systems in the analysis of costs 
has made it possible to forecast with 
considerable accuracy the cost of engi- 
neering developments. Of greater sig- 
nificance, such punch card systems give 
accurate records of the time spent on 
each step of the development of the 
new design. The punch cards will re- 
veal the amount of time spent in pencil 
pushing and how much is spent for 
mental operations. 

Computers are coming down in price 
and are finding rapidly increasing ap- 
plication in the work of the engineer- 
ing departments. In certain fields of 
design, it is absolutely essential that 
stress and deflection computations shall 
be exact. The companies that pioneered 
in this field soon found out that the 
application of precision in stress and 
deflection calculations also paid divi- 
dends even when exactitudes such as 
required in aircraft design were not 
essential. Through the precision calcu- 
lation of complicated relationships it 
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has often been found possible to sim- 
plify the designs, save materials, im- 
prove performance and achieve results 
heretofore believed impossible. 

Computers have taken the drudgery 
out of the arithmetical work involved 
in many of the design calculations. 
Technical analyses and design proce- 
dures that once were completely un- 
usable because of the vast amount of 
mathematical calculations involved are 
now routine procedures through the 
application of mechanical and electrical 
computers. These calculating machines 
have sped up design work and have 
opened innumerable new possibilities 
in the refinements of designs and the 
developments of new products. 

In addition to making possible tre- 
mendous refinements, the use of com- 
puting machines greatly decreases the 
hours that must be devoted by the best 
designers to mathematical computa- 
tions. These computations, to a large 
extent, can now be made on computing 
machines and the top engineers are 
relieved of that burden, thereby per- 
mitting them to devote more of their 
time to the basic engineering problems 

Now computing machines that are 
capable of wider application than the 
older styles are in the process of being 
developed. These ma- 
chines will make possible and econom- 
ical the solution of many engineering 
design problems that today are not 
even being tackled because of the 
inordinate amount of man hours that 
would be required of the top engineers. 

Using electric analog machines, engi- 
neers have already simulated either 
mathematically or physically, important 
static and dynamic structural problems 
that formerly required cut and try 
methods of design. Judging from the 
results achieved from these computers 
it appears that before long it may be 
possible to design relatively quickly a 
complete structure that will have just 
the strength and stiffness required for 
its intended service. In other words, 
a structure that is not overdesigned, 
not underdesigned and yet performs 
100 percent. 

With these computers, engineers 
need no longer worry about designs 
based on empirical formulas that take 
no account of many inherent variables. 
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An extensive study of office equipment by analysts in Ford Motor Company's 


Central Office, indicates that offset paper masters prepared by the xerographic 
process, as compared to various other methods, save time and money. 

XeroX® Lith-Master* copying equipment is used in a number of departments 
in various Ford plants. Special XeroX copying equipment is used in the Duplicat- 
ing Section of the Engineering Staff, Administrative Services Department, Dear- 
born, Michigan, to prepare offset paper masters of 12”x18” engineering drawings 
for run off of multiple copies on an offset duplicator. Using the xerography and 
offset combination, 100 copies of a drawing can be made in five minutes at a cost 
f about 97 cents, which is considerably less than by other duplicating methods 
Cost studies indicate a saving of approximately $75,000 a year. 

There is no limit to the versatility of xerography, the dry, electrostatic, copying 
process, in paperwork duplicating applications. Copies can be enlarged, reduced or 
made same size of anything written, typed, printed or drawn from one or both sides 


of original. Translucent intermediates can be made for use in diazo type machines 


*A TRADEMARK OF THE HALOID COMPANY 


WRI IË for proof of performonce folders showing how Ford Motor Compony ond 
componies of oll kinds ore cutting costs and speeding poperwork with xerogrophy 


How KEROGRAPHY 
Cuts Duplicating Costa 


OF ENGINEERING DRAWINGS 
AT FORD MOTOR COMPANY 


COST STUDY INDICATES SAVINGS OF 
APPROXIMATELY $75,000 A YEAR! 


SOME USERS IN 
DIFFERENT FIELDS 


AIRCRAFT 


Bell Aircraft Corporation 


BUILDING MATERIALS 


National Gypsum Company 


CHEMICAL 


Ciba Pharmaceutica 
Products, In 


EDUCATION 


University of Rochester 


GOVERNMENT 


Federal, State and City 


INSURANCE 


America Fore Insurance 
Group 


THE HALOID COMPA N Y 


55-1X HALOID STREET, ROCHESTER 3, N. Y. * Branch Offices in Principal U. S. Cities and Toronto 


XEROGRAPHY 


(ZE-ROG-RA-FEE) 
The fastest, cheapest, most versatile way to make masters for duplicating 
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TECHNICAL 
PAPERS 


for your protection 





— w farasr 
When you ask for Clearprint, be sure you get it. Look for 
the Clearprint name, watermarked for your protection. 
No other technical paper is "just the same" for Clearprint 
is made by an exclusive process available to no other 
manufacturer. Since its introduction in 1931, other paper 
makers have strived to equal Clearprint’s quality. None 


has succeeded. 


For America’s finest technical paper, always insist on 


genuine watermarked Clearprint. 





TECHNICAL PAPER 


THERE IS NO SUBSTITUTE — Demand Watermarked Clearprint 


=—— eee a a a - - eee ~<a ee on oe oe — 


MAIL COUPON FOR SAMPLES AND PRICES 
CLEARPRINT PAPER CO. 1482-67TH STREET, EMERYVILLE, CALIF. 















There are Clearprint Technical 
Papers for every requirement. 










Order from your dealer today, ] Send me Clearprint samples, with prices, for the following 


or write: a NAME ENT 
CLEARPRINT a p 
PAPER CO. 
ADDRESS - 2 


1482 SIXTY-SEVENTH STREET 


EMERYVILLE, CALIFORNIA 
[.] Have your representative call at my office. ON ZONE GRE e deis 







B| MANUFACTURING COMPANY, INC. 


1072 Stote Street, New Haven 11, Conn. 


— FOR VIBRATION TESTING 





MB VIBRATION EXCITERS and CALIBRATORS 


Producing results quickly, dependably, and often visually, MB Exciters 
have many important applications. For example: (1) Fatigue testing 
of mechanical and electrical structures to destruction under dynamic 
loads .. . (2) Determination of noise sources in automobiles, bodies 
and chassis, air conditioning equipment, blowers and similar equip- 
ment ... (3) Shake testing of electrical components such as relays, 
switches or radio chassis to determine the ability of components to 
operate under high vibratory loads ... (4) Determination of damping 
characteristics of rubber, steel, brass, plastics and other materials . . 
(5) Identification of resonant frequencies and modes. These exciters 
also provide a convenient means for determining natural modes of 
wings, stabilizers, fin and control surfaces on aircraft structures. 
These exciters are designed to conduct vi- 
bration tests to MIL-E-5272 and 41065-B 
MODEL C-100 and other specifications. 


























Power Usable Range 
No. Force Stroke Supply c.p.s. 


$-D 10 Ib. 1⁄4 in. Electronic 20 to 20,000 
c-31* 25 ib. 1⁄4 in. Electronic 4 to 70,000 















Model ACS-25 au- 
tomatic cycling sys- 
tem for MB Models 
C-5 and C-25 Vi- 
bration Exciters 



























































c-1* 50 Ib 1⁄4 in. Electronic 4 to 70,000 Exceeds require- 
C-11* 50 Ib. (Á in. Electronic 4 to 70,000 oe 2 a’ 
$-3 200 Ib. i in. Rotating or Electronic 3 to 500 (1) Automatic con- 

trol of frequency 
C-5 or C5H up to 750 Ib. 1 in. Rotating or Electronic 3 to 2000 and acceleration or 

amplitude. (2) Au- 
C-25 or C25H 3500 Ib. 1⁄4 in. Rotating or Electronic 3 to 2000 tomatic — 
C-100 12,500 Ib. 1⁄2 in. Rotating 3 to 2000 p ME e 

i n. 

C-250 25,000 Ib. 1⁄4 in. Rotating 3 to 1000 quency variatio 
C-500 50,000 Ib. Vy in. Rotating 3 to 1000 


* Also suitable for calibration of vibration pickups. 


3 FOR VIBRATION MEASUREMENTS 


MB VIBRATION METERS 


Precision Model M-1 and M-3 meters offer complete, compact 
units for vibration measurements when used in conjunction with 
the MB vibration pickup. Provide for accurate readings of 
accelerations, velocities, amplitudes. Simple, rugged, battery- 
or AC-operated, and portable, these instruments are outstanding 
for quality control or research. 


MB VIBRATION PICKUPS 


Are sensitive to low amplitude vibration . . . can be used with 
wide range of equipment . . . simple field adjustment converts 
from horizontal to vertical use . . . electrically damped . 
maintains calibration over wide temperature ranges P e 
resonant frequency below 5 c.p.s. Several models including Type 
122 which is usable at temperatures up to 500*F. 


E! FOR VIBRATION ISOLATION 






up 




























MIL-1I-5432 (AN-I-16a) can be met with Isomode* Type 17 vibration iso- 
lators which are available for loadings of 14 to 100 pounds per unit. An 
outstanding feature is the equal spring rate in every direction. 
ISOMODE* INDUSTRIAL-TYPE ISOLATORS—these units provide large de- 
flection ratings together with high load capacity, small size, and exceptional 
stability. Have equal spring rates in all directions—mount at any angle— 
absorb vibrations for every plane. Unit load-range 50 Ibs. to 2500 Ibs, Write 
for the lsomode Design Chart. 

OTHER TYPE ISOLATORS also avuilable, including units for special appli- 
cations; Isomode grommets; mounts with small dimensions. Contact us on 
your specific requirements 
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fits your 
oscillographic 
recording need7? 


a "150" Recording Systems that put to use the original 
design concept of amplifier interchangeability (illustrated at the 
left) start with either a four-channel or two-channel standard 


4-CHANNEL 


As a graphic example of the design idea 
that has brought new versatility to industrial 
recording, a Carrier Preamplifier (A) is 
shown above in position to plug into a 
Driver Amplifier in framework with Power 
Supply (B) which are normally already in 
place in the Basic Cabinet Assembly. 

The identical design principles of the 
four-channel system are provided in the 
two-channel, the only difference being the 
number of channels. 


COMPLETE FOUR-CHANNEL SYSTEM 
FOR USE WITH ANALOG COMPUTERS 


This ''150" system consists of a Cabinet 
Assembly, a four-channel Recorder, and two 
dual channel DC Amplifiers. Each amplifier 
is complete with a common power supply. 
Each measures and records two separate 
single-ended signals, at sensitivities between 
one and one hundred volts per centimeter. 
The two-channel 

version of this 

system will 

comprise Cabinet, 

two-channel 

Recorder,and 

one dual channel 

amplifier. 


Ask, also, for a copy of the 
Right Angle — a Sanborn pub- 
lication devoted to oscillo- 
graphic recording in industry. 
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Basic Assembly, to which the user adds 
whatever selection or combination of pre- 
amplifiers (A) are needed for his recording 
problem. The standard Basic Assemblies 
comprise a metal Cabinet, Recorder, and 
a built-in Driver Amplifier and Power 
Supply (B) for EACH channel. Presently 
available Preamplifiers are: AC-DC, Car- 
rier, DC Coupling, Servo Monitor, Log- 
Audio, and Low Level Chopper. 
Advantages common to ALL Sanborn 
Recorders are: inkless recording (by 
heated stylus) on plastic coated strip 
chart paper, and in true rectangular 
coordinates . . . high torque galvanometer 
movement ...time and code markers... 
numerous paper travel speeds. 


2-CHANNEL 


SINGLE-CHANNEL RECORDER 


A compact, lightweight unit for use when only 
one channel is required — provides permanent, 
inkless recording in true rectangular co-ordinates; 
five paper speeds (5, 10, 25, 50, 100 mm/sec.); 
extra stylus for either manual or remote timing 
and coding marks. Designed for simple, patch 
cord connection to any of the several “150” 
preamplifiers (plus driver amplifier and power 
supply), avail- 

able soon in 

portable metal 

cases. 


Catalog and technical 
data on all "150" equip- 
ment available on re- 
quest. 


SANBORN COMPANY 
Industrial Division 
CAMBRIDGE 39, MASS. 
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New Electro Proximity Pick-up System 


Actuates Electronic or Electro-Mechanical Devices 
for counting parts, indicating position and 
distance, detecting presence of metallic mass, 
sequence timing, limiting control. Operates from 
0 to over 12,000 times a minute at distances up 
to 3$". 

Produces Constant Electrical Output in Excess 


Electro Magnetic Pick-up 


Indicates Without Mechanical Contact RPM rate 
of speed or motion, For acceleration and velocity 
studies, precision ignition timing, ballistic re- 
search, many others. 


Produces Variable Electrical Output in proportion 


of 5 Volts when any metallic mass approaches 
the pick-up. Output voltage is independent of 
the speed or proximity of the actuating mass 
and remains constant while near the pick-up 
and drops to 0 when removed. $66.50 complete. 
Special Types for extended range and size. 


actuated by displacement or vibration of magnetic 
material in the field of the pick-up, such as a 
keyway in a shaft, gear tooth, pin or slot in the 
moving part. $22.50 less mating connector. 
Special Types for high temperature and deep 


to any magnetic object's rate of speed. It can be space. Available with AN type connectors. 


New Electro Miniature Magnetic Pick-up 


For Small Space and Light Weight Applications. 
Controls electrically operated devices, rockets, 
guided missiles, etc. For mechanical or electrical 


counting. Indicates rate of travel, angular or 
linear speed, vibration. Similar characteristics to 
"3010-A" with 2596 volt. output. $16.50 complete. 


MEASURE STATIC OR DYNAMIC DISPLACEMENT 


Electro Dynamic Micrometer Measures Without 
Mechanical Contact vibration in heat exchangers, 
motors, shaft whip, radial expansion due to high 


RPM, rate of acceleration, valve travel. Inde- 
pendent of acceleration or 


placement. 


frequency of dis- 


Elec tro 


Write for New Technical Bulletins 


ELECTRO PRODUCTS LABORATORIES 


4501-PDc N. Ravenswood, Chicago 40, Illinois 
Canada Atlas Radio Corp., Ltd., Toronto, Ont. 


Don't Let Your 
HANDBOOK 
Get Away! 


BLUEPRINTING 
COSTS 


2075 


OR MORE 


Save T 

Speed 

with White 
Auto 


NEW 44 115 


[oam 


WHITEPRINTER 


@ New design, new features assure maximum efficiency 
in minimum space. The modern SpeepMaster makes it 
easy for anyone to print and develop exact, same-size 
black line or colored line whiteprints in volume as needed 
—continuously or intermittently. Synchronized printing 
and developing speed up to 14 ft. per min. Handles cut 
sheets or roll stock up to 44” wide in any length. P&H 
electronic drive provides instant speed change, with full 
stop and reverse control. Fast write-off...simple installa- 
tion...easy maintenance. Priced at $1395 


Other whiteprint outfits from $69.50 
Send for Bulletin 54S5 


Uperat 


Even though . . . anticipating great 
demand . . . we have printed many 
extra copies of the two preceding 
HANDBOOK issues, supplies of 


both are now exhausted. Your 
HANDBOOK will be a valuable 


and useful tool, for years to come. 
REPRESENTING 


Peck & HARVEY 2: 


5629 MN. WESTERN AVE. * CHICAGO 45 
Since 1937 * Over 15,000 Machines in Use 
MFRS. OF WHITEPRINT, BLUEPRINT & PHOTOCOPY EQUIPMENT 


Make sure it stays yours. 
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VIBRATION TEST EQUIPMENT 
For Tests To Air Force, JAN, MIL and Other Specifications 
(environmental tests and improved product performance) 


COMPLETE SHAKER SYSTEMS — Consisting of: 1. Electrodynamic Shakers with force-outputs from 25 to 
12,500 Ibs. 2. Power Supplies, either Rotary or Electronic. for operation over frequency ranges from 1 ¢.p.s. to 
5.000 c.p.s. 3. Control Consoles containing all controls, indicators and interlocks for safe and accurate operation, 
— "Án t iar ino loi (eo sedi 
stray magnetic field. 


CALIBRATION SYSTEMS: Specifically designed for calibration of vibration pick-ups, the Calidyne Model 1 
and Model 6C Calibrators provide two basic and complete systems for rapid and accurate calibrations of 
accelerometers and velocity pick-ups. Calibration systems are factory calibrated to permit fast and accurate 
calibration of vibration pick-ups by ratio methods. 


ACCELEROMETERS — D.C. operated accelerometers of exceptional sensitivity are available in standard ranges 
from 5 to 50g. Typical corresponding natural frequencies from 200 to 500 c.p.s. 15 volts output at rated g. 


Accessories designed ior use with these accelerometers include compact nesting battery power supplies and 
coupling circuits as well as A.C. operated supplies. 

METERS & STANDARDS — The Calidyne Company offers The Vibration Meter — a battery powered unit 
designed for use with standard velocity pick-ups. Direct reading of acceleration, velocity or displacement. 
The Calivolter is a precise tool for voltage standardization and general calibration work. Easily checked 
against primary laboratory standards. 


Ask for technical data or engineering help on your Vibration Test problem. Write today. 


120 CROSS STREET, WINCHESTER, MASSACHUSETTS 


SALES REPRESENTATIVES DALLAS, TEXAS 


NEW YORK CITY AREA 
G. C. Engel 
Rector 2-009! 
EXPORT 
Rocke international Corp., N. Y. C 
Murray Hili 9-0200 
NORTHERN NEW YORK 
Technical Services Co., Boston 
Capitol 7-9797 
NEW JERSEY 
G. C. Engel, Ridgewood 6-7878 
PHILADELPHIA, PA. 
G. C. Engel, Chestnut Hill 8.0892 
— OHIO 
eli Co., Prospect 1-6171 
ean OHIO 
M. P. Odell Co, Oregon 4441 
WASHINGTON, D. C 
F. R. Jodon, inc, Woodley 6-2615 
CHICAGO, ILUNOIS 
Hugh Marsiand Co. 
Ambassador 2-1555 


SOUTHEAST 


Alexandria, Virginia 
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John A. Green Co, Dixon 9918 
WALTHAM, MASS. 
Robert A. Woters, inc 
Waltham 5.6900 
HOLLY WOOD, CALIFORNIA 
G. B. Miller Čo., Hollywood 9-6305 
SEATTLE, WASH 
G. 8. Miller Co., Lander -3320 
ALBUQUERQUE, NEW MEXICO 
3. B. Miller Co 
Albuquerque 5.8606 
SAN FRANCISCO, CALIF 
G. B. Miller, Lytell 3-3438 


MINNEAPOLIS, MINN 
H. M. Richardson and Co. 
Geneva 4078 


ARNPRIOR, ONTARIO, CANADA 
Measurement Engineering Limited 
Arnprior 400 


NEW HAVEN, CONN 
Robert A. Waters, 
Fulton 7-6760 


inc, 


W. A. Brown & Associates 


Overlook 3-6100 
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GOOD 


Let your drawing board provide the 
convincing answer in a practical test of 
Holliston’s Pel-X and Micro-Weave Tracing 


Cloths 


— Mies 2 
*o, 
0, 
€. 
e, 


WATER REPELLENT 


Micro-Weave 


Why not turn to your advantage a 
quality of tracing cloth that not only 
equals all others in normal workability 
but in many particulars is definitely 
"better." 


The ultimate test is your own drawing 
board. You can prove to yourself, as 
have so many draftsmen all over the 
country, that Holliston MICRO-WEAVE 
—in white or blue for ink or pencil— 
and Holliston PEL-X—water repellent 
finish— are rated as the “BEST.” 


Write for generous samples—today! 


THE HOLLISTON MILLS, INC. 


NEW 


A - 
we 


YORK ° 


NORWOOD, MASS. 
PHILADELPHIA 


Catalogs 


and 


Bulletins 


Request additional information using 
postcards following page 24 


(M-6) SURFACE FINISH CON- 
TROL—Brush Electronics Co., Book- 


| let, ED-21703, 8 pp. How surface 
| finish control can reduce machinery 


costs, increase production capacity and 
improve a product, are some of the 


| points discussed. Details on how it af- 
| fects the various mechanical, opera- 
| tional, and economic factors of a ma- 
| chined part. Charts and diagrams are 
| included, along with data on the Sur- 
| findicator. 


(M-7) THREE-DIMENSIONAL 
DRAFTING—John R. Cassell Co., 


| Inc., Catalog. The first ten pages are 


devoted to a technical treatise on the 


| subject, often referred to as axonomet- 
| ric drawing. The remainder contains 


illustrations of the implements used in 
3-D drawing. 


(M-8) NEW LINE DRAWING 
TECHNIQUES—Eastman Kodak Co., 


Booklet. Techniques for converting a 


continuous tone image into a line 


| drawing by means of a new photo- 


graphic technique are described. The 
conversions, which result in an effect 


| similar to that of a pen-and-ink draw- 


ing, may be produced from any sharply 


| detailed good photographic film nega- 
| tive. All steps and details of the process 
| are included. 


(M-9) MECHANICAL MEASURE- 
MENT TECHNIQUES — Hewlett- 
Packard Co., Bulletin, Vol. 5, No. 1-2. 
Describes methods for making com- 


| mon mechanical measurements with 


electronic counters. Discusses measur- 
ing operating time of high speed 
clutches, rpm on high speed shafts, 
relay operating times, stability of rota- 
tion; also, measurement of pulse dura- 
tion, linear velocity, flow, wave-forms, 
and others. Schematic and circuit draw- 
ings are included. 
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"BRUNING 


Draftsmen, Engineers and Architects 
everywhere are finding that Bruning 
quality and service makes it easy and 
profitable to order all their drafting 
supplies from Bruning. Bruning sales 
and service offices are conveniently 
located throughout the United States 
for prompt, efficient service. 


Model 93: A super fast, virtually 
automatic machine for engineering 
departments with unusually heavy 
copying requirements. 


Choose Your Copying Machine 
From a Complete Line! There is 
a Bruning Copyflex to Suit 
Every Need —Fit Every Budget 


1. A Bruning Copyflex makes top quality, low 
cost, black on white prints fast — in just a 
few seconds. 


2.A Bruning Copyflex has available an 
unsurpassed variety of sensitized papers, 
cloths and films. 


3. A Bruning Copyflex is precision engineered 
for a lifetime of trouble-free service. 


4.A Bruning Copyflex is simple to operate. 
Anyone can run it easily and well. 


5.4 Bruning Copyflex requires only an elec- 
tric connection to operate. 


6.4 Bruning Copyflex is absolutely odorless, 
quiet and clean — no fumes, no exhaust 
ducts. 


7.A Bruning Copyflex requires no permanent 
installation — is mounted on casters for 
for mobility. 

Model 100: An all-purpose desk top 


copying machine with 11-inch printing 
é width. Operates at 12 feet per minute. 


BRUNING 


Everything for the 
Engineer and Draftsman 


=== 
DRAFTING MACHINES 


These machines combine T-square, 
scales, straight-edge, triangle, and 
protractor into one precision instru- 
ment. They save up to 40% in time. 


TRACING AND DRAWING MATERIALS 


Every type of tracing medium required 
in the modern drafting or engineering 
department for making sharp prints 
is available from Bruning. 


DRAWING INSTRUMENTS 
A large variety of drawing instru- 
ments and drafting tools are avail- 
able from Bruning. Pens, compasses, 
curves, triangles, etc., are provided. 


DRAFTING SUPPLIES 
If it is a drawing material that is 
used in a drafting or engineering 
design department — Bruning has it. 
You can be sure every detail is right. 


COPYFLEX SENSITIZED MATERIALS 
A wide variety of paper sizes, weights, 
and tints are available in flat sheets or 
roll stock. Transparent paper, film, and 
cloth are also provided. 


Charles Bruning Company, Inc. 


One Convenient High Quality Source 
for Everything 


l » 
DRAFTING ROOM FURNITURE 
Bruning provides a complete line of 
drawing tables, drawing boards, fil- 
ing cabinets, stools, etc. Their func- 
tional designs give greater efficiency. 


ERASING MACHINES 
This machine saves valuable time 
erasing pencil, ink, typing, carbon 
copy, and other marks. A quiet, cool, 
vibration-free tool for all departments. 


SURVEYING INSTRUMENTS 
Bruning carries a large and complete 
line of fine transits, levels, barometers, 
compasses, leveling rods, steel tape, 
stop watches, tripods, etc. 


WRICO LETTERING SETS 
WRICO LETTERING GUIDES for neat, 
uniform lettering in a wide variety 
of sizes and weights of letters. Wrico 
lettering saves time and cuts costs. 


CIRCULAR DRAWING MACHINE 
Bruning Circular Drawing Machines 
draw precise ellipses, spirals, helixes, 
and arcs with uniform exactness in 
seconds ... make pictorial drawing 
economically practicable. 


4700 Montrose Ave., Chicago 41, Ill., Dept. 


Please send me information on_ 


Company /— 
Address 





City 
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MAYLINE 


4 POST TABLE WITH DRAWERS 


For your drafting furniture 
and equipment specify May- 
line. 


Your choice of 4-Post or 
Pedestal style tables— Plan 
Files in steel or wood—ac- 
curate  Straightedges — and 
T-Squares. 


Consult your local dealer. 


Quality and Price! 
outstanding features 
of MAYLINE Products 


Symbol of Superiority 


METAL PLAN FILE WITH HINGED COVER 


7 D». MAYLNE CO. 


V-MODEL TABLE WITH FOOTREST 


formerly 


ENGINEERING MFG. CO. 


605 No. Commerce Si. 
Sheboygan, Wisconsin 


MAYLINE 


AMAZING! the Time and Money Saved 
et ” WHITEPRINT 


p. 


OUTFITS 


Make Exact Duplicates in as little 
as One Minute at less than 2c sq. ft. 


Inexpensive and simplest of all print 
making equipment! Thousands in daily 
use. Enables anyone to make accurate, 
positive whiteprints from translucent 
originals. Saves up to 80% of commercial 
blueprint costs—quickly pays for itself! 
Makes photocopies, too. Just plug in. 
Uses diazo (moist or ammonia dry) 
process. Complete portable Spee-Dee 
outfits in 12" x 18", 18" x 24" and 

24* x 36" models. Prices start at $55.00, 
Also a full line of 42" width capacity 
volume production whiteprinters at 


10 DAY moderate prices. 
FREE TRIAL Send today for Free 
Spee-Dee Brochure 


Catalogs and Bulletins continued 


(M-10) MINIATURE COMPUTING 
DIFFERENTIAL — Ford Instrument 
Co., Div. of Sperry Corp. Bulletin, 2 
pp, illustrates and describes a new 1⁄4 
in. mechanical computing differential, 
the latest and smallest addition to this 
firm's line of ultra-precision single 
spider gear differentials. The unit per- 
forms additive and subtractive opera- 
tions in a working circle of 1.000 in. 
max dia. Data on speeds, temperatures, 
and construction are provided, as well 
as performance curves and detailed 
specifications. 


(M-11) MEASURING SURFACE 
ROUGHNESS — Micrometrical Mfg. 
Co., Bulletin LT 77, 8 pp. Gives the 
practical features and application of 
the Profilometer, a portable instrument 
for measuring the surface roughness of 
internal, external, straight, tapered, or 
circular surfaces. Many illustrations 
show instrument in use. 


(M-12) SHAKER SYSTEMS — The 
Calidyne Co., Bulletins 6405 & 4805, 
12 pp. Information on intermediate 
shaker systems of from 600 to 1250 
pounds force output; and on large sys- 
tems with 2500 pounds force output. 
Has engineering data and illustrations 
of the shakers, control units, power 
supplies, and accessories. 


(M-13) SHOCK MACHINE — The 
Barry Corp., Bulletin 533, 4 pp. Pre- 
sents complete technical and perform- 
ance data on the type 150-400 VD 
medium impact shock machine, de- 
signed to produce calibrated shock 
tests up to 77 g peak acceleration. Has 
detailed dimensions and data covering 
range of operation. 


(M-14) DEMAND METERING — 
General Electric Co., Bulletin GET- 
2327, 48 pp. Describes in detail the 
theory, economics, operation, and ap- 
plication of demand meters. Has a sum- 
mary of the principles and problems 
of demand metering, and may be used 
as a reference for helping in specific 
demand-measuring application. Has 
many illustrations and schematic dia- 
grams for installation. 


(M-15) FLAW LOCATION—Turco 
Products, Inc., Bulletin A-500C, 12 pp. 
Outlines the Dy-Chek method of lo- 


Peck & Harvey È 


Mfrs. of Whiteprint, Blueprint & Photocopy Equipment SE 
5629 NORTH WESTERN AVE., CHICAGO 45, ILLINOIS 


cating flaws in metal parts. Tells how 
it is used, and illustrates use on the 
production line. 
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Make these tests—and many more 


-with World-Standard 


FOR PURCHASING AND MATERIALS CONTROL —to assure uni- 
formity and conformance to specifications; to obtain adequate materials 


at lowest cost. 


SCOTT 
TESTERS 


Reg. Trademark 


s 
MODEL ) 
° World 
Standard 
tester for 
tensile and 
elongation 
tests 
—available 
with jaws 
for many 
of the tests 
illustrated 


FOR PRODUCTION CONTROL—to achieve highest production con- 
sistent with required standards of quality. 


FOR RESEARCH AND PROGRESS—new methods, treatments, con- 


structions, in these Scott Testers* give you a swift, sure guide to better 


methods. 


FOR PROMOTING SALES AND SATISFYING CUSTOMERS—the 
picturized records from your Scott Testers* 
product’s performance and quality: 


sold, prevent disputes. 


SCOTT EQUIPMENT TESTS 
ASTM, NBS, ISO AND ALL RECOGNIZED STANDARDS. 


SCOTT TESTERS, 


REI eer 177 PP RIO 7 


^ (M-18) DIAL THERMOMETERS— ` 


Catalogs and Bulletins continued 


(M-16) MACHINE TOOLS AND 
THEIR LUBRICATION—Shell Oil 
Co. Catalog, 80 pp. Not a shop man- 
ual, but rather a discussion of the fun- 
damental factors found in the construc- 
tion, operation and maintenance of 
modern machine tools. The four sec- 
tions are: The history and development 
of machine tools; methods used in con- 
trolling power and directing force in 
a machine tool; types of motion and 
degrees of friction in machine tools; 
the role of the lubricant in machine 
tool operation. Discusses all types of 
machine tools, and hydraulic systems, 
and has large color drawings, cutaway 
views, and schematic diagrams. 


(M-17) DIAL THERMOMETERS— 
The Foxboro Co. Bulletin 467, 16 pp. 
Describes a line of dial thermometers 
for long distance measurement. Has 
complete data on temperature indi- 
cators of the vapor pressure and gas 
pressure types. Ranges are from —300 
to 600 F in Class II, and from —250 
to 1,000 in Class III. Has section de- 
voted to accessories, and diagrams 
show suggested installation methods 
for measuring temperature. 


WRITE FOR FREE CATALOG NO. 54 


INC. 


119 Blackstone St., 


Taylor Instrument Co., Bulletin 98214, 
24 pp. Describes the latest develop- 
ment in 6 in. dial indicators for tem- 
perature, pressure, and load applica- 
tions. Has data and illustrations of fea- 
tures, dials and scales available, and 
different types of actuation. Applica- 
tions for each type are listed. 


(M-19) MEASURING EQUIPMENT 
—General Electric Co., Catalog GEC- 
1016A, 64 pp. Contains information 
on more than 115 testing and meas- 
uring devices for laboratory and pro- 
duction line use. Covers: electric cir- 
cuit testing. equipment; high voltage 
a-c and d-c equipment; insulation and 
resistance testing equipment; mag- 
netic-field equipment; time switches 
and timers; materials testing and 
equipment; force and strain gages; and 
many others. Has many illustrations 


(M-20) ENVIRONMENTAL TEST 
EQUIPMENT — American Research 
Corp. Booklet, 4 pp. Illustrates and 
gives complete data on a line of en- 
vironmental testing gear for testing 
under conditions of: altitude, tempera- 
ture, humidity, rain, sunshine, sand, 
and dust. Temperatures as low as 
—175 F, and as high as 200 F. 
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are invaluable proof of your 
to boost new sales, keep customers 


IN CONFORMITY WITH 


Providence, 


TWO OF MANY 
"o. Hug Pon c ie 
cords, plastic films, ete., up 
to 50 ibs. tensile 
(M-21) GAGES AND THERMOM- 
ETERS—The James P. Marsh Corp. 
Catalog 76-G, 80 pp. Has information 
on the following types of gages: alti- 
tude; ammonia; combination; com- 
pound; compound retard; double-spring 
pressure; duplex pressure; Freon; 
gages with corresponding temperature 
scale; hydraulic gages; ounce gradu- 
ated retard gages; pressure gages; also 
sprinkler, syphon, test, and vacuum 
gages. The thermometers described are 
dial, recording, pocket and freezer type. 
A section is devoted to a line of acces- 
sories. Each gage and thermometer is 
illustrated and briefly described. 
(M-22) SYSTEMS ENGINEERING 
—Glenn L. Martin Co. 38 pp. De- 
scribes the philosophy of systems engi- 
neering as a basic idea for integrating 
all of the engineering departments 
behind the design of one product. De- 
scribes the overall engineering organ- 
ization, the design and development 
department, projects departmeat, the 
aerodynamics department, structures 
department, electromechanical, elec- 
tronics, and the production design de- 
partment. Schematic diagrams show 
the operations of these departments. 
Included are photographs of the various 


planes built by Martin. 
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NEW BOOKS 
Metals and Alloys 


Metallurgical Dictionary by J. G. 
Henderson, Consulting | Engineer 
and J. M. Bates, University of Illi- 
nois. 6 x 9 in., 396 pp. Published by 
Reinbold Publishing Co., 330 W. 
42nd St., New York 36, N. Y. $8.50. 


Arranged specifically for the needs 
of all metal industries, this reference 
book contains over 5,000 informative 
definitions and descriptions covering 
all the most essential terms in both 
production and physical metallurgy. 

Semi-encyclopedic in nature, it has 
been limited in scope so as not to en- 
cumber the user with obsolete or 
widely remote material. Its sole pur- 
pose is to provide a comprehensive, 
easy-to-use, thoroughly up to date 
working tool for all those who manu- 
facture or use metals and metal prod- 
ucts. Original definitions are included 
of a sizable number of terms, such as 
flame plating, shell molding, and 
others that have only very recently 
appeared in the literature. 

Particular care has been taken to 
cross-reference entries of related terms. 
This has been done not only to facili- 
tate reference to compound terms, but 
also to direct the user from a synonym 
to a preferred term and to offer him a 
full coverage of available information. 


Copper edited by Allison Butts, Hd., 
Dept. of Metallurgical Engrg., Le- 
bigb University. 6 x 9 in., 936 pp. 
Publisbed by Reinbold Publisbing 
Corp., 330 West 42 St., New York 
36, N. Y. $20. 


This volume, a new unit in the 
American Chemical Society's Mono- 
graph Series, is designed to answer 
the need for a fully comprehensive 
book on copper. As a reference work 
on all important phases of the subject, 
both as a chemical element and as an 
industrial metal, the book treats the 
whole subject through a planned se- 
quence of original articles, not through 
a review of the literature on copper. 
Almost 39 percent of the space in the 
monograph is devoted to the field of 
occurrence and extractive metallurgy of 
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copper, 16 percent to the physical and 
mechanical metallurgy of copper and 
its alloys, 18 percent to properties and 
applications, and 27 percent to various 
aspects of copper chemistry and phys- 
ics not included in the more general 
divisions. 

Among the topics covered are: 
Smelting, Converting and Refining; 
Melting and Casting; Hydrometallurgy; 
Physical and Chemical Properties; Cor- 
rosion Resistance; Brass, Bronze and 
other Copper Alloys; Hot and Cold 
Working; The Physical and Analytical 
Chemistry of Copper; Phase Diagrams 
of Binary and Ternary Copper Alloys; 
Details of Applications in Various 
Industries, and Copper Compounds. 


Procedures for Experimental Metal- 
lurgy by A. V. Seybolt, Research 
Assoc., Metallurgy Research Dept., 
Research Lab., General Electric Co., 
and ]. E. Burks, Mgr., Metallurgy 
Section, Knolls Atomic Power Lab., 
operated for tbe Atomic Energy 
Commission by General Electric Co. 
6 x 9 in., 340 pp. Publisbed by Jobn 
Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y. $7. 


Although much of the recent prog- 
ress made in understanding the be- 
havior of metals and alloys has resulted 
from the increasing interest evidenced 
in the field by physicists and physical 
chemists, it rarely occurs that such in- 
vestigators new to the study of metals 
possess enough of a familiarity with 
the metallurgist's tools and methods to 
make their experiments with minimum 
effort. The primary aim of this volume 
is to describe most of the important 
laboratory techniques now used, with 
enough elaborative detail to allow any- 
one familiar generally with physical 
and chemical principles to carry out 
the unit operations discussed. 

Investigational techniques such as 
microscopic examination, x-ray diffrac- 
tion methods, thermal analysis, and 
mechanical testing are purposely 
omitted because of the satisfactory 
monographs on these subjects. 

The preparation of metal samples 


up to the point of making observations 
on the properties of the metal is the 
guiding principle or theme of the 
book, including: the steps from prepa- 
ration or selection of the base metal 
to be used through principles of alloy- 
ing, melting without contamination, 
casting, fabrication into rod, sheet, or 
wire, and heat treatment to obtain a 
desired structure. 


ASTM Standards on Copper and 
Copper Alloys. 6 x 9 im., 556 pp. 
Publisbed by tbe American Society 
for Testing Materials, 1916 Race St., 
Phila. 3, Pa. $5.65. 


This book brings together all of 
the current ASTM Standards per- 
taining to copper and copper alloys, 
which were developed by Committee 
B-5 on Copper and Copper Alloys, 
Cast and Wrought, and other ASTM 
technical committees. It is the direct 
result of the close cooperation of the 
technical representatives of leading 
producers and consumers of copper 
and copper alloys. 

The 1953 edition includes 115 
widely used standards, including 102 
specifications; 9 tests methods; 2 rec- 
ommended practices—one for tension 
test specimens for copper-base alloys 
for sand castings, the other for desig- 
nating significant places in specified 
limiting values; and 2 classifications 
—one for cast copper-base alloys, the 
other of copper. 

Standards cover copper, copper al- 
loy, and copper covered steel electrical 
conductors; non-ferrous metal; plate, 
sheet, strip, and rolled bar; rod, bar, 
and shapes; wire; pipe and tube; 
ingot; sand and die castings; filler 
metal; and methods of test for copper 
and copper alloys. 

A group of specifications cover non- 
terrous metals such as slab zinc; pig 
lead; nickel; phosphor; silicon; elec- 
trolytic cathode copper, and others. 
Also included are test methods cover- 
ing expansion; mercurous nitrate; re- 
sistivity; preparation of micrographs; 
tension; hardness; sampling; and 
grain size evaluation. An extensive 
Index provides a ready reference. 
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SECTION 


Metals 
and Alloys 


Effect of Carbon in Ferrous Alloys by Harry K. Ihrig and John 
I. Jarman 


Fatigue Strength of Welded Butt Joints in Aluminum Alloy 
Plates by E. C. Hartmann, Marshall Holt and I. D. Eaton 


Thermal Conductivity of Several Metals and Alloys up to 1100 F 
by Jerry E. Evans, Jr. 


Charts for Allowable Compressive Stresses in Aluminum and 
Magnesium by B. E. Gatewood 


Directory of Trade Names and Producers for Corrosion Resistant 
Metals and Alloys 


High Temperature Data for Molybdenum and Molybdenum-Base 
Alloys by Howard C. Cross 


Developments to Watch 


_ Non-Metallic 


Materials and 
Finishes 


- Fabrication 
^ and Production 


Processes 


Power 
Transmission 


Mechanical 
Parts and Design 
Analysis 





From AMERICAN FOUNDRYMAN 


Effect of 


arbon in 
Ferrous Alloys 


ULTIMATE HARDNESS and strength of 
steels depends almost entirely on car- 
bon content. The term “hardenability,”’ 
as used in the heat-treating of steels, 
HARRY K. IHRIG, means the depth of hardening in a 


heavy section rather than the ultimate 


JOHN T. JARMAN, possible hardness. Various metallic al- 


— naii Co. loying elements in steels increase the 
depth of hardness rather than the maxi- 


mum hardness obtainable. In heavy sec- 
tions, the carbon content still deter- 
mines the ultimate hardness possible. In 
thin sections, carbon alone is sufficient 
to give the maximum hardness. 

After many tests, Abbott (Ref. 1) 
concluded that the Brinell hardness 
and the tensile strength of a steel are 
proportional to the carbon content in 
the as-quenched condition. Burns, 
Moore, and Archer (Ref. 2) measured 
the hardness of a number of samples 
of various commercial steels. They 
concluded that in every analysis tested, 
the maximum hardness obtainable in 
thin sections was entirely dependent on 

Fig. 1—Dimensions of tensile test specimens. Specimens were ma- the carbon content regardless of the 
chined from 1% inch diameter previously forged and annealed bars. presence or absence of other alloying 
elements. 

In cast irons, carbon occurs both as 
an element in the form of graphite 
Corbon e A a and as a compound in the form of iron 
series carbide. If iron has less than 1.7 per- 
Alloy series cent carbon, all of the carbon is usual- 
ly in the form of iron carbide. Any car- 
bon above 1.7 percerit may be in the 
form of graphite. The form of carbon 
present has the major effect on the 
properties of cast irons. 

Carbon in iron and steels comes 
originally from the coke in the blast 
furnace. Pig iron contains about 3.5 
percent carbon. Irons and steels with 
lower carbon contents are made by 
removing some of the carbon of the 
pig iron or by diluting it with lower 
carbon scrap. 

In recent tests to evaluate the effect 
of carbon on steels, a series of steels 
with increasing carbon contents was 


Pe. 3—hdudes ef coulis débusbe ud hardness to the enbon produced from a common base iron; 
3 car 


and in addition, a similar series of alloy 
content. Hardness and tensile strength increase with carbon eontent. steels was produced from the same 


Legend 


Rockwell 
hardness 
olloy series 


Rockwell 
hordness 
corbon series 


Tensile strength, 1,000 psi 


Maximum Rockwell hordness 


B2 Product Engineering — 1955 Annual Handbook 





B METALS AND ALLOYS 


Table I—Chemistry of Carbon and Alloy Steel Series 


Chemical Composition, percent 


Heat | Mn 





1 | 0.02 
1A 0.04 


0.20 — | | 
0.14 0.008 . | 


2 0.21 
2A 0.20 


0.10 
0.15 


0.013 
0.008 


3* 0.26 
0.34 
3A 0.31 


0.21 
0.18 
0.18 


0.011 


0.008 


4 0.53 
4A 0.50 


0.23 
0.22 


0.007 
0.008 


5 0.90 
5A 0.83 


0.20 


0.009 
0.23 


0.008 





| 
| 
000 | o. 
| 
| 
| 


*Carbon content of Heat 3 is less than that of Heat 3A, and carbon content of Heat 3B is greater. 


base iron to which nickel and molyb- 
denum were added. 

For these series, experimental heats 
of steels were prepared by melting 
down a killed ingot iron of the fol- 
lowing analysis in percent: Carbon, 
0.04; manganese, 0.21; phosphorus, 
0.02; sulphur, 0.02; and silicon, 0.01; 
to which was added carbon and the 
other alloying elements. Two keel 
blocks were poured from the melt after 
each successive carbon addition. 

The analyses of the steels are given 
in Table I. The carbon steel heats are 
designated with a number only, the 
alloy steel heats are designated with a 
number and the letter "A" in addition. 

The sound portions of each keel 
block were removed and forged to 
round bars 134 in. dia. These were 
annealed and then machined into test 
bars as shown in Fig. 1. Some of the 
test bars were then heat-treated to ob- 
tain maximum hardness and tensile 
strengths. The heat-treatments and 
physicals are given in Table II. The re- 
lation of tensile strengths and hardness- 
es to the carbon content in the steels are 
shown in Fig. 2. These curves show an 
increasing hardness and tensile strength 
with increasing carbon content in both 
the straight carbon and alloy analyses, 

In the annealed specimens, the effect 
of carbon on strength and hardness 
properties is small. These data indicate 
the necessity for heat-treating to obtain 
high physical property values. Little is 
gained by the use of higher carbon 
steels even in the alloy series if these 
are not heat-treated. Heat-treating gives 
the structures that are necessary to ob- 
tain the physical properties desired. 


The depth of hardening is shown 
in Figs. 3 and 5. Fig. 3 shows the rapid 
fall in hardness of the carbon steels 
after the initial reading at the quenched 
end of the specimen. In Fig. 5 the alloy 
series shows similar high quenched end 
hardnesses but a much less rapid de- 
crease away from the quenched end. 
The alloy content increases the depth 
of hardening, but not the maximum 
possible hardness. In thin sections, 
carbon steels can be heat-treated to give 
the same hardness and strength as alloy 
steels of the same carbon content. 


Carburization and Decarburization 


Carbon can be added or removed 
from steels without melting them. It 
is added to the outer layers of steels by 
carburization. After heat-treatment, the 
steel has a hard outer layer and the core 
is relatively soft and ductile. 

Decarburization is rarely done pur- 
posely, but it often occurs during an- 
nealing or other heat-treatment. Thc 
carbon diffuses to the surface and is 
oxidized. An 0.85 percent carbon steel 
that has been totally decarburized (light 
area) to a depth of 0.21 in. is shown 
in Fig. 4. Before decarburization, its 
tensile strength was 87,400 psi; and 
after — decarburization, its tensile 
strength was 62,250 psi. The Knoop 
hardnesses starting from the outside 
surface are 88, 89, 150, 210, and 240. 

Carbon migrates in steels during 
welding. Thus, a carbon steel that has 
been welded with an austenitic stain- 
less steel rod to eliminate the necessity 
for stress relieving, may have the weld 
metal embrittled by the diffusing of 
carbon from the adjoining carbon steel. 
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Properties Not Affected by Carbon 


Modulus of elasticity of steels is 
not affected by the carbon content and 
is not changed by heat-treatment. Thus 
the stiffness within the elastic limit of 
all steels is the same regardless of car 
bon content or heat-treatment. 

Hot workability of steels (Ref. 3) is 
affected little by the carbon content 

Magnetic permeability of steels with 
different carbon contents is shown in 
Fig. 6. In all magnetic fields tested, 
the permeability decreased with in 
creased carbon content. 

Ductility is reduced with increasing 
carbon content, particularly in the heat 
treated condition 

Hydrogen under high pressures and 
temperatures 
steel to methane, and may form blisters 
or leave voids (Ref. 4) where the cat 
bon has been 

In the hardenable 
carbon has the same f 
has in the carbon and low alloy steels 
For example, it is needed to obtain 
the necessary hardness for cutlery. In 
austenitic chromium-nickel stainless 
steels, it has been shown (Ref. 5) that 
the corrosion resistance is lowered with 
increasing carbon content. As shown 
in Fig. 7, (reproduced from Ref. 5) 
corrosion of 18-8 steel sensitized two 
hours at 1200 F increases markedly 
even for low carbon heats 

Exposure to temperatures of from 
800-1500 F of austenitic stainless steels 
not containing stabilizing elements 
causes the carbon to precipitate in the 
grain boundaries. Such temperature 
ranges are encountered in stress re- 
lieving or welding. Chromium mi- 
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Quenched 1525 F, oil 70 F* 
for 30 minutes; then treated at —100 F 30 minutes, 


Table III—Chemistry and Physical Properties of Cast Irons 
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Rockwell "A" 


Fig. 4—Photomicrograph of decarbur- 
ized surface of one test bar. 100X 


grates into the boundaries. The chrom- 
ium carbides formed are resistant to 
corrosive attack. The areas adjacent to 
the boundaries, however, are partially 
depleted of the chromium needed to 
form the chromium carbides. Hence 
these chromium impoverished areas 
are attacked. If this attack is allowed 
to proceed, the metal finally becomes 
a mass of loose crystals because the 
metal next to the grain boundaries will 
be dissolved away. 

In chromium-nickel stainless steels, 
the reaction of carbon with the chrom- 
ium causes carbide precipitation. To 
prevent this reaction, the carbon con- 
tent must be extremely low or an ele- 
ment such as titanium, columbium, or 
tantalum must be added to the steel to 
react preferentially with the carbon. 


Effect of Carbon on Cast Irons 


To determine the effect of carbon 
on the physic al properties of cast iron, 
three cast irons were prepared. In 
Table III, the chemistry and physical 
properties of each are given. 

The first heat was made by adding 
low metalloid steel to pig iron to re- 
duce the carbon content. In thin sec- 
tions, this white iron was hard and 
had a brittle white fracture. After it 
was annealed for 36 hours at 1650 F, 
furnace cooled to 1310 F, then cooled 
to 1275 F at the rate of 2 deg F per 
hour; its brittleness was lost because 
malleable iron was formed. 

The second heat was nodular cast 
iron, which was made by melting and 
pouring pig iron onto a nodularizing 
mixture in a ladle and then into a keel 
block mold. 

The third heat was gray cast iron 
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made by adding ferrosilicon to in- 
crease the silicon content. 

In gray iron, the graphite is in the 
form of ribbons or flakes. These tend 
to break up the continuity of the iron 
matrix. Since graphite is weak, the 
ribbons or flakes act similarly to voids 
of the same shape. Hence, these irons 
have low strengths and practically no 
ductility. By varying the analyses and 
by inoculation, such irons can be made 
to yield better tensile properties than 
those given in Table III. 

In malleable iron, the graphite is in 
the form of clumps in a matrix of iron, 
hence the graphite is relatively soft 
and ductile. Malleable iron parts must 
always be cast as white iron. The 
graphite clumps in malleable iron are 
formed by converting the hard and 
brittle iron carbide in white iron by 
annealing. Because it is necessary to 
chill white iron, it is not usually pos- 
sible to make sections heavier than one 
inch in either white or malleable iron. 

In nodular iron, the graphite is in 
the form of well defined spheroidal 
particles in a matrix of iron. Nodular 
iron may be made directly by treating 
molten iron with various nodularizing 
agents. The strength and ductility is 
many times that of gray iron of the 
same analysis. Nodular iron machines 
as well as gray iron, but has properties 
similar to those of steel. 
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FATIGUE STRENGTH 


of Welded Butt Joints 


For cycles greater than one million, the fatigue strength of butt- 


welded joints in 35 in. plate is approximately the same regardless of 


the alloy. For stresses that cause failure at less than 1000 cycles, the 


fatigue strengths are about the same as the static butt weld strengths. 


E. C. HARTMANN * MARSHALL HOLT e I. D. EATON 


Research Laboratories, Aluminum Company of America 


MECHANICAL PROPER1:ES of the alum- 
inum alloy plates used in the tests here 
reported are given in Table I. The 
3⁄4-in. thick aluminum alloy plates were 
welded into panels from which indi- 
vidual test specimens were taken. A 
typical pair of panels, from which 
specimens for a single series of tests 
could be obtained, is shown in Fig. 1. 
In a few instances, one large welded 
panel was prepared rather than a pair 
of the small ones shown. Most of the 
panels were prepared by the Alcoa 
Process Development Laboratories. 

The welding procedure used with 
the 14 combinations of alloy, weld 
wire and specimen type are given in 
Table II, each combination being iden- 
tifed with an item number. 

All welds were made by qualified 
welders using standard commercial 
equipment and standard techniques 
(Ref. 3). Thus, some of the plates 
were preheated prior to welding, 
whereas others were not. In some 
plates, parent metal was used for the 
weld wire, whereas in others a more 


B6 


suitable weld wire was used. Some of 
the welding was done as single-pass 
welding and some as multi-pass weld- 
ing. Not any welded panel, nor test 
specimen was  reheat-treated after 
welding. 

All panels were radiographed after 
welding. No repair of defects was em- 
ployed; rather, when an occasional dis- 
continuity was found, the locations of 
the individual specimens taken from 
the large panels were adjusted so that 
the defect was cut out in machining 
the specimens. A few panels were 
warped as a result of welding and, 
with the exception of the specimens of 
item 4, these individual specimens were 
straightened by cold-flattening previous 
to fatigue testing. 

Four types of specimens as specified 
in Table III were tested. Specimens 
Type A were tested with the weld bead 
intact, that is, as-welded. Specimens 
Type B were tested after the weld 
bead had been dressed flush with the 
surfaces of the plates. Except in a few 
specimens, the final grinding scratches 


7 - Fatigue specimens, 
8Ws - in. wide, morked F 


I~ Static specimen, 
'6%- in. wide, marked S 


3- Tensile specimens, 
\Ye- in. wide, morked T 


Fig. 1 Left—Pair of panels welded 
from ?$ in. plates and the location 
from which specimens were taken. 


Fig. 2 Right—Dimensions to which 
the welded joint fatigue specimens 
marked F were machined for test. 


in Aluminum 


were transverse to the weld bead, that 
is, parallel to the load line during the 
test. Variations in welding procedure 
as described in Table III are identified 
by the numeral suffixed to the letter. 

For comparison, specimen Types C 
and D were made in which 2 and 4 
in. wide plates, respectively, were at- 
tached by fillet welds to a continuous 
main plate. Unlike the weld in the butt 
joints, the weld in these specimens did 
not transmit the applied load. In the 
specimens of Type C, the auxiliary 
plate was normal to the main plate; 
hence, the heels of the fillet welds were 
only 35 in. apart. In the specimens of 
Type D, the auxiliary plate was flat 
against the main plate, the heels of 
the fillet welds being 4 in. apart. 

The location of the individual speci- 
mens within the welded panels is indi- 
cated in Fig. 1. The fatigue specimens, 
marked F, were machined to conform 
to the dimensions shown in Fig. 2. 
Some of the fatigue specimens were 
tested with the test section 2 to 31/ 
in. wide, rather than 5 in. as shown, in 
order to obtain higher stresses within 
the capacity of the fatigue machines. 
The static specimens, marked S, were 
machined on both edges to give straight 
and parallel sides and a width of 57% 
in. approximately. 

The strips marked T served a dual 
purpose. From each end of the strip, far 
removed from the weld zone, standard 
tensile specimens were taken to deter- 
mine the mechanical properties given in 
Table I. The central portion of each 
strip, containing the weld, was used to 
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Alloy Plates 


obtain additional static test data to sup- 
plement the result of the wider 574-in. 
specimen. Some specimens taken from 
the narrow strips were tested as full- 
section tensile specimens, that is, with 
the weld bead left in the as-welded con- 
dition; while others were tested as re- 
duced-section tensile specimens, that is, 
with the weld bead dressed flush with 
the main plates. In all instances, the 
edges of the specimens were machined 
straight and parallel. 


Method of Testing 


The direct stress fatigue tests report- 
ed here were made in the Aluminum 


Research Laboratories’ structural fa- 
tigue testing machines (Ref. 4). Al- 
though these machines are constructed 
for applying either tension, compres- 
sion, or both; the tests discussed here 
were made with a tensile stress range 
from 0 to a maximum. One pair of 
these machines operates at a speed of 
210 cpm and the other pair at a speed 
of 250 cpm. The loading fixtures, de- 
signed by R. L. Templin, incorporate 
steel drill-rod "keys," which by means 
of the clamping force used, make their 
own rounded keyway in the butt ends 
of the specimens; thus, the bolts are 
not subjected to shearing forces. 
Before running the tests, the ma- 
chines had been calibrated both statical- 
ly and dynamically and the inertia ef- 
fects of the moving parts on the indi- 
cated load determined, Corrections ob- 
tained from the dynamic calibrations 
are included for all the fatigue tests re- 
ported herein. The fatigue tests were 


Table I—Mechanical Properties* of Materials Used in Specimens for 
Fatigue Tests of ¥-In. Thick Arc-Welded Aluminum Alloy Plates 


Alloy and 
temper 


61S-T64 
61S-T6 
61S-T6 
61S-T6 


61S-T6 
ASAS-H34 
ASAS-H34 


Specified minimum value, Ref. 6 





3S-F 


3S-H14 





Elongation | 
: in 


Yield 
strength,^ 
psi 
40,250 
38,150 


37,450 
35,630 


35000 | 
31,330 


Tensile 
strength, 

psi 
46,300 
43,350 
43,450 
43,130 
42,000 


42,770 








* Tests determined on standard rectangular test specimen: see Fig. 6 of ASTM Spec. E8-52T, 


et ed 
1952 Book of ASTM Standards, Pt. 2, p. 1211. Values listed r 
è Stress at offset of 0.2%; Templin autographic extensometer 


esent average of several test results 
x 500). 


1 Item number refers to items of welded panels listed in Table II. 


ies previously r 


* Properties reported in Reference 2. 


ea in Reference 1. 
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considered completed at failure or at 
the end of about 25 million cycles even 
though no failure had occurred. 


Test Results and Discussion 


The results of the static tensile tests 
are given in Table IV; the joint efficien- 
cies given are based on the tensile 
strength of the applicable parent plate. 
The results obtained with the narrow 
specimens taken from the tensile -T 
are in good agreement with the results 
obtained for the wide static specimens. 
The weldments fall in the following 
decreasing order of static strengths: 
ASAS-H34, Aldad 14S-T6, 61S-T6 
and 3S-F. The joint efficiencies for the 
heat-treated alloys Alclad 14S-T6 and 
61S-T6 are significantly lower than 
the joint efficiencies for alloys A54S- 
H34 and 3S-F. 

Joints in which A54S-H34 plate is 
welded to 61S-T6 plate developed static 
strengths — to the all-A54S- 
H34 and all-61S-T6 joints. In com- 
parison with the static test results re- 
ported by Nelson and Howell (Ref. 5), 
the 61S-T6 joints average slightly low- 
er, the A54S-H34 average slightly 
higher, and the 3S-F joints are about 
the same. t 

The results of the direct stress fa- 
tigue tests on arc-welded 5$-in. thick 
aluminum alloy plate are plotted in 
Figs. 3 to 9. The plotted points, rep- 
resenting results of the individual fa- 
tigue tests, indicate the maximum stress 
in the cycle, the minimum stress being 
0 in all tests. The stresses were taken as 
the load divided by the gross area of 
the main plates and do not take into 
account bending stresses or high local. 
ized stresses induced by physical stress 
raisers. 

The results for the 61S-T6 joints are 
given in Figs. 3, 4 and 5. The band of 
results in Fig. 3 includes all the data 
points for joints welded by the flux- 
coated metal electrode method. (Ex- 
cept for two new test results, these data 
were taken from Ref. 1.) In drawing 
the bands of results, the static tests of 
the joints have been considered as one- 
half-cycle fatigue tests. 

A similar band of results for the 
61S-T6 joints welded with the inert- 
gas metal (tungsten) arc welding meth- 
od is shown in Fig. 4; where two 
points, one considered to be abnormally 
high and the other abnormally low, are 
not included in the band. In Fig. 3, the 
fatigue test results for the specimens in 
which the weld beads were removed are 
consistently greater than the fatigue 
strengths for the specimens in which 
the weld beads were not removed; in 
Fig. 4 there appears to be little, if any, 
consistent difference in the fatigue 
strengths of joints when tested in the 
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Fig. 3—Direct-stress fatigue test results for 61S-T6 
bd aluminum alloy joints welded by the flux-coated metal 
electrode method. 


eType A5,item4 
| 0s- welded beod 
Semi-automatic insert-gas 
imeto! orc | 
—]l(Specimens tested in worped 
condition) | 

| Fig. 4—Direct-stress fatigue test results for 61S-T6 

aluminum alloy joints welded by the inert-gas metal 


(tungsten) are welding method. 
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Fig. 5—Comparison of 61S-T6 joint test results for 

straight specimens welded by the inert-gas metal 

(tungsten) arc welding method and for warped speci- 

mens welded by the semi-automatic inert-gas metal 
10° 10° are method. 
Cycles fo failure 


as-welded condition or with the weld 


P/A stress used in analyzing these re- Bands of results for A54S-H34 


bead removed. 

From the bands in Figs. 3 and 4, it 
can be seen that the inert-gas metal 
(tungsten) arc welding method pro- 
duces. fatigue strengths superior to 
those produced with the flux-coated 
metal electrode method. The increase 
in fatigue strength derived by inert-gas 
metal-arc welding probably results from 
the greater smoothness of the weld. 

As previously noted, the specimens 
from one 61S-T6 panel welded by the 
semiautomatic inert-gas process were 
tested in the as-received condition; these 
specitnens were warped as a result of 
the welding. The results of these tests 
are compared in Fig. 5 with the band 
of results from Fig. 4 for straight speci- 
mens. For fatigue lives of 10,000 cycles 
or more, the results for the warped 
specimens are consistently below the 
band of results developed for the 
straight specimens. 

In some of the current testing of arc- 
welded joints, evidence can be found 
that the low fatigue strengths shown 
are caused by the warpage of the speci- 
mens. It is to be expected that, when 
warped specimens are tested in direct 
stress, bending caused by straightening 
the specimen in each load cycle will 
produce higher tensile stresses on the 
one surface than is indicated by the 


sults. 

Similar bands of results are plotted 
in Figs. 6 to 9 for the joints in A54S- 
H34, Alclad 14S-T6 and 3S-F plates. 
For like specimen types, the welded 
butt joints with the weld bead re- 
moved develop slightly higher fatigue 
strengths than those with the weld 
bead left in the as-welded condition. 


plates joined to 61S-T6 plates as well 
as the individual test results for the 
joints made by welding A54S-H34 
plate to 61S-T6 plate are shown in Fig. 
7. For fatigue lives greater than 5 XX 
10* cycles, the two bands nearly coin- 
cide and, with the exception of two 
data points, the results from the joints 
in dissimilar metals fall within the 


Table II—Tabulation of Welding Procedure Used for Fatigue Test Panels 
of 3$-In. Thick Aluminum Alloy Plate 


| 
Í 
Plate alloy 
and temper 
61S-T6 
61S-T6 
61S-T6 
61S-T6 | 
AS54S-H34 
ASAS-H34 
ASAS-H34 | 
| ASAS-H34 | 
ASA4S-H34 to 61S- T6 
| A54S-H34 to 61S-T6 
Alclad 14S-T6 
3S-F 
3S-F 
3S-F 


"^; O0 U 5 Qr €- | 


Method of fabrication 


Flux-coated metal electrode arc 
Inert-gas metal (tungsten) arc 
Inert-gas metal (tungsten) arc 
Semiautomatic inert-gas metal arc 
Semiautomatic inert-gas metal arc 
Semiautomatic inert-gas metal arc 
Semiautomatic inert-gas metal arc 
Semiautomatic inert-gas metal arc 
Semiautomatic inert-gas metal arc 
Semiautomatic inert-gas metal arc 
Flux-coated metal electrode arc 
Inert-gas metal (tungsten) arc 2S 
Flux-coated metal electrode arc 
Automatic carbon arc 2S B6 


Specimen 
types tested 
(see Table III) 
43S A1, B1, C, D 
43S A1, B1 

43S A1, A2, A4, B2 

43S AS 

A54S A3 

56s° A3, B3 

Exp.* A3 

AS4S AS 

ASA4S A3, B3 

Exp.* A3 

43S A3, B3, C 
A1, B1 
43S B3 


Weld 
wire 


* Items 2 and 3 are identical except that Item 3 was fabricated 3 years later. 
* 56S weld wire is now available in improved version designated as C56S. 


* Experimental weld wire. 
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Fig.7 


Fig. 6—Direct-stress fatigue test results for A54S-H34 
aluminum alloy joints welded by the semi-automatic 


inert-gas metal are method. 


Fig. 7—Direct-stress fatigue test results for A54S-H34 
joined to 61S-T6 aluminum alloy welded by the semi- 
automatic inert-gas metal arc welding method. 


Fig. 8—Direct-stress fatigue test results for Alclad 
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E WW 2 
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Cycles to failure 


| |e Type A3  oType B? 


|As-welded bead Bead 
remo 


| emo ved 
Flux -cooted meto! electrode 
43S weld wire 

I item Il 7 


+— — 





Maximum Pa) str 


14S-T6 aluminum alloy joints welded by the flux- 
coated metal electrode weld wire method. 


common area covered by the two bands. 


The band shown in Fig. 9 for the 
3S-F arc-welded joints includes speci- 
mens fabricated by the following weld- 
ing methods: (1) Inert-gas metal 
(tungsten) arc, item 12; (2) Flux- 
coated metal electrode, item 13; and 
(3) Automatic carbon arc, item 14. 
The data points for dressed welds made 
with the inert-gas metal (tungsten) arc 


process, item 12, lie in the upper por- 
tion of the band and the fatigue 
strength is increased by the removal 
of the weld bead. 

It is reasonable to believe that the 
lower limit of the band would be 
lowered if data were available from as- 
welded specimens made by the other 
two methods of welding. The band as 
given in Fig. 9, however, fairly repre- 


Table III—Specimen Types and Welding Details Used in 
Preparation of Fatigue Test Panels 


Plain butt-welded joint; weld bead left in as-welded condition. 


: Groove filled with two passes, back chipped and welded wit: single pass. 


: Single pass welded from one side, removable copper backing. 


: Groove filled with single pass, back chipped and welded with single pass. 


: Triple pass welded from one side, no backing support. 


: Groove filled with multiple passes, back welded with multiple passes. 


Plain butt-welded joint; weld bead removed. 


: Groove filled with two passes, back chipped and welded with single pass 


: Single pass welded from one side, removable copper backing. 


: Groove filled with single pass, back chipped and welded with single pass. 


: Single pass welded from one side. 


Solid main plate; attachment plate normal to main plate; tack-welded then 
single pass fillet welded each side of attachment. 


Solid main plate; attachment plate parallel to main plate; assembly clamped 
to steel angle, single pass fillet welded each edge of attachment. 
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104 ios 
Cycles to failure 


sents the data for the inert-gas metal 
arc welded joints. 

At 10® cycles, there is little differ 
ence in the positions of the bands for 
the joints in 61S-T6 and in Alclad 14S 
T6 plates welded with the flux-coated 
metal-electrode method and the bands 
for joints in 61S-T6, in AS4S-H34, and 
in 3S-F plates welded by the other 
processes. On the other hand, for static 
tests the bands cover a rather wide 
range. In Table V a summary of these 
data is given in which the strengths of 
joints in Alclad 14S-T6 and 61S-T6 
are compared, and also the strengths of 
3S-F, 61S-T6 and AS4S-H34. Ratios 
using the strengths of Alclad 14S-T6 
and 61S-T6 as numerators are included. 

Direct-stress fatigue test results for 
Alclad 14S-T6 and 61S-T6 plate with 
an appurtenance attached by a fillet 
weld made by the flux-coated metal 
electrode process are shown in Fig. 10 
The bands shown are for butt-welded 
joints in plates of the two alloys. The 
results for these specimens, in general, 
fall in the lower portion of the bands 
for the respective alloys and weld meth 
ods. It is reasonable to conclude, there- 
fore, that the stress raiser at the edge 
of the fillet weld and the heat of weld- 
ing produce conditions similar in effect 
to those of a plain butt-welded joint. 

In Fig. 11, fatigue strengths ob- 
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N e` Ç to Ç Fig. 9—Band of direct-stress fatigue test results for 


3S-F aluminum alloy joint specimens fabricated by 
the following welding methods: Inert-gas metal (tung- 
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Fig. 10—Comparison of direct-stress fatigue test 
results for Alclad 14S-T6 and 61S-T6 plate with an 
appurtenance attached by a fillet weld made by the 
flux-coated metal electrode process. 
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Fig. 11—Comparison of fatigue-strength data for 
riveted double strap butt joints in 61S-T6 plate and 
band for 61S-T6 welded butt joints made by the 
inert-gas metal (tungsten) are process. 
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tained at the Aluminum Company Re- 
search Laboratories for riveted double- 
strap butt joints in 61S-T6 plate are su- 
per-imposed upon the band of results 
for welded butt joints made by the 
inert-gas metal (tungsten) arc process. 
The main plates of these riveted-joint 
specimens were machined from 1 in. 
thick rolled rectangular bar to a thick- 
ness of l4 in., while the cover plates 
were 3/16 in. thick rolled sheet. The 
stresses plotted in Fig. 11 were com- 
puted on the basis of the gross section 
of the main plates, that is, 71/5 by 1⁄4 
inches. 

Although the static strength of the 
riveted joint is greater than the maxi- 
mum strength develope. by the welded 
joints, the fatigue strengths of the 
welded joints beyond 10* cycles to 
failure compare favorably with the re- 
sults for the riveted double-strap butt 
joints. In fact, the results for the weld- 
ed joints at 107 cycles to failure exceed 
those for the riveted butt joints. All 
failures in the riveted joints involved 
the main plates and occurred through 
the rivet holes. Fatigue test results, be- 
yond 10* cycles to failure, for similar 
riveted joints in 14S-T6 plate fall with- 
in the band of results for welded 
Alclad 14S-T6 joints made by the flux- 
coated metal electrode process. 

In general, the fatigue specimens 
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with the weld bead left in the as-weld- 
ed condition failed at the edge of the 
bead. A few specimens with very 
smooth weld beads, however, failed in 
the heat affected zone. The majority of 
the fatigue failures in specimens in 
which the weld bead was removed oc- 
curred in the heat affected zone with 
about 20 percent of the failures occur- 
ring through the weld. 

In typical fractures, the cracks are 
short. In some tests, however, at high 
stress (low numbers of cycles) the frac- 
ture was completed during the period 
while the machine was stopping after 
the limit switch shut off the power. 
Approximately 100 cycles of loading 
were applied during this period. 

The effect of spatter marks and 
transverse scratches in determining the 
location of the fatigue cracks has been 
shown in Ref. 1 and 2. A few addi- 
tional failures of this type have been 
obtained, but in each the fatigue 
strength developed in the specimen was 
not significantly lower than that of 
specimens that developed typical cracks. 


Conclusion 


From the foregoing results and dis- 
cussion of direct-stress fatigue tests of 
welded specimens of 3⁄%-in. thick alu- 
minum alloy plates and comparison 
with riveted butt joints, the following 


general statements seem to be valid: 

1. The mechanical properties of the 
aluminum alloy plates used in the work 
reported herein meet applicable speci- 
fied minimum values and compare fa- 
vorably with published typical values. 

2. The welded butt joints fall in the 
following order of decreasing static 
strengths: (1) A54S-H34, (2) Alclad 
14S-T6, (3) 61S-T6 and (4) 3S-F. 
The joint efficiencies of the heat-treat- 
ed alloys are significantly lower than 
the joint efficiencies of the nonheat- 
treated alloys. 

3. Welding methods that give 
smooth weld beads provide joints with 
higher fatigue strengths than methods 
that produce rough weld beads. 

4. The increase in fatigue strength 
produced by dressing the weld beads 
flush with the parent metal depends 
partially, at least, on the roughness of 
the as-welded bead. In no instance, 
however, would it be expected that 
such dressing would have a detrimen- 
tal effect on the fatigue strength of 
the weldment. 

5. When 61S-T6 plate is arc-welded 
to A54S-H34 plate, the static strength 
developed by the butt joint is con- 
siderably lower than that developed by 
a joint made by welding A54S-H34 to 
itself but, for fatigue lives greater than 
5 & 10* cycles, the strengths devel- 
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Table IV—Results of Static Tests on Plain Butt Arc-Welded 
3$-In. luminum Alloy I'late 


Specimen 


item No. 


types 
Al 


Plate alloy and temper 


61S-T64 
61S-T64 
61S-T6 
61S-T6 
61S-T6 
61S-T6 
61S-T6 
61S-T6 
61S-T6 
61S-T6 
ASA4S-H34 
ASA4S-H34 
A53S-H34 
AS4S-H34 
AS4S-H34 
A54S-H34 to 61S-T6 
ASA4S-H34 to 61S-T6 | 


| + G G (Q (Q NO bə — = 


. ASAS-H34 to 61S- T6 
Alclad 14S-T6 
Alclad 14S-T6 


Alclad 14S-T6 
3S-F 
3S-F 
3s-F 
3S-F 


- 38-F 





Avg. 


* Specimens types defined in Tables II and III. 


I 
| 30,700 


l 
| 5 to 6-in. wide 
specimen 


14- to 2-in. wide 
| specimen 
Tensile Joint Tensile | Joint 
strength? | efficiency,'| strength," |efficiency,: 
psi % pi | 9 


26,700 24,685 

23,400 24,270 
25,500 25,650 
24,600 


23,450 
26,300 26,400 
26,100 


25,350 
27,250 


26,850 
26,000 25,400 


31,850 


58 
51 
55 
53 
61 
60 
63 
60 
71 


55 


59 
86 

> | 
87 

96 | 

90 | 

68 | 
69 

68 | 
49 
53 


26,290 
36,950 
38,270 
| 37,200 
| 40,010 


25,980 
36,400 
36,100 
34,700 
38,000 
36,300 
28,300 
28,500 


38,110 
29,540 
29,970 
29,760 
| 32,800 
| 35,300 
34,050 
16,590 
| 16,870 
| 18,410 
17,930 


28,400 
30,000 
37,000 
51 
71 
72 
81 
79 


33,500 





19,400* 
17,600* 
17,450 76 18,500 


^ Ultimate load divided by the gross area of the main plate. 
« Efficiency is defined as the ratio of the tensile strength of the joint to the tensile strength of the 


parent material as given in Table I. 
“Published in Reference 1. 
Published in Reference 2. 


oped are equal to those developed by 
all-A54S-H34 joints. It should be noted 
that within this range of fatigue lives, 
the bands of results for welded joints 
in these two materials practically coin- 
cide. 

6. The welded butt joints developed 
fatigue strengths of about the same 
magnitude as their static strengths for 


at least 10? cycles to failure and in 
one instance, 3S alloy, up to 10* cycles 
to failure. 

7. Only slight differences were 
found in the bands of fatigue strengths 
of butt-welded joints of the various al- 
loys beyond 10® cycles to failure. 

8. When an attachment is made to a 
solid plate by fillet welds, the fatigue 


Table V—Range of Band of Results for Direct-Stress Fatigue 
Strengths of Arc-Welded ¥-In. Thick Aluminum Alloy Plate 


Alloy and 
temper 


FLUX-COATED METAL ELECTRODE ARC WELDING 


61S-T6 


1 
Alclad 14S-T6 11 35,300 


|/61S- T6 | 


1 
Alclad 14S-T6 | 11 32,800 


INERT-GAS 


27,250 [1.5} 


|(61S-T6 | | 
Upper || AS4S-H34 
|3S-F 


40,010 


(61S-T6 ; 
p 37,200 
3S- 


a Number in 


: | Static 


26,700 (1.3)* 


| 23,400 (1.4) | 21,400 (1.4) 


18,410 [2.2] 
24,600 [1.5] 
16,590 [2.2] 
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strengths are practically the same as 
those of plain butt-welded joints. 

9. For lives between about 5 > 108 
and 5 X 109 cycles the fatigue 
strengths of plain butt-welded joints 
and riveted double-strap butt joints 
agree very well. For 61S-T6, the fatigue 
strengths of plain butt-welded joints 
seem to exceed those of the riveted 
joints at 107 cycles to failure. 
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581. 


in 
W eldin g 


307.s to 


Standards, Pt 
7. Anon., 
Aluminum 


Minimum stress 


tress ratio: : = 0 
S rano: Maximum stress 


MAXIMUM (P/A) STRESS IN CYCLE TO FAILURE AT: 


103 cycles 104 cycles 


| 26,300 (1.3) 


| 35,200 


22,100 
27,800 


| 
| 13,000 (1.8) | 


1.3) | 15,900 


19,300 


(1.2) 


6,600 
| 15,100 


(2.3) 


30,600 23,200 


I i 
105 cycles 5 X105 cycles| 106 cycles 2 X106 cycles 


11,900 (1.2) 
| 14,700 


5,200 (2.0) | 
10,600 


107 cycles 


10,400 1.2) | 9,300 (1.2 | 
12,900 | 11,000 


4,900 (1.6) | 
7.700 


5,000 (1.8) | 
9,000 





27,200 [1.4] 
| 38,800 

18,800 [2.1] 

24,300 [1.4] 


16,500 [2.1] 


| | 
25,700 [1.2] | 19,700 [1.0] | 
31,400 20,000 

18,500 [1.7] 


20,300 [1.2] 
24,700 
15,900 [1.6] 


10,000 [1.4] 
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15,000 [1.0] 
y 14,300 
14,600 [1.4] | 11,400 [1.3] 
13,500 [1.1] | 9,300 [1.0] 
4,200 9,200 


7,100 [1.3] 


METAL (TUNGSTEN) AND SEMIAUTOMATIC INERT-GAS METAL-ARC WELDING 


I 
13,300 [1.0] | 
13,000 
10,200 [1.3] 


11,900 [1.0] 

12,200 

10,000 [1.2] | 
I 


8,300 [1.0] | 
8,200 | 
6,500 [1.3] | 


7,800 [1.0] | 
7,7 | 
6,400 [1.2] 


entheses is ratio of strength of Alclad 14S-T6 welded joint to that of 61S-T6 welded joint. 
* Number in brackets is ratio of strength of A54-SH34 welded joint to that of other alloy-welded joint. 
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Fig. 1—Thermal conductivity of 
AISI 403 steel, Refractaloy 26, 
and S816 alloy. 
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Fig. 2—Thermal conductivity of porous 301 stainless 
steel, X-40 alloy, and Inconel X. 


Thermal Conductivity of Several Metals 


JERRY E. EVANS, JR. 
Lewis Flight Propulsion Laboratory 


TO OBTAIN an accurate knowledge of 
the thermal conductivity of materials 
at high temperatures, which is essential 
in the design of the cooling systems of 
turbine blades and rockets, studies were 
made at the NACA Lewis Flight Pro- 
pulsion Laboratory. 

In these studies, the thermal con- 
ductivity of several steels, high-tem- 
perature alloys, molybdenum disilicide, 
and silver was measured from 200 to 
1100 F; and that of aluminum alloys 
and brass from 200 to 700 F. In 
Table I (see page B 14) are given the 


B12 


nominal manufacturer's analyses of the 
materials studied. 

A comparison method was used to 
obtain the thermal conductivities of the 
test samples. The method is described 
in detail in Reference 1. It consists 
essentially in comparing the thermal 
conductivity of the test specimen with 
that of a standard sample the conduc- 
tivity of which is known. 

The test sample is soldered end to 
end to the standard sample. Then the 
combined specimen is placed in an 
apparatus that applies heat at one end 
and cools the opposite end. Radial heat 
loss from the specimen is prevented 
by a cylindrical guard tube heated and 


cooled so that a given spot on the guard 
tube is at the same temperature as the 
adjacent point on the specimen. The 
space between specimen and guard 
tube is filled with powdered insula- 
tion. Then the heat flux is the same 
in both the test and standard sample 
when a steady state is reached. By 
measuring the thermal gradients along 
the specimen, the thermal conductiv- 
ity of the test sample was obtained at 
the respective temperatures. 

The results reported herein were ob- 
tained either by directly comparing the 
specimen with National Bureau of 
Standards melting-point standard lead, 
or by comparing the specimen with 
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Temperature,F 


Fig. 3 (Left) —Thermal conductiv- 
ity of N-155 (low C) alloy. 


Tem perature, F 


Thermal conductivity, Btu/(hr) Ctt) (deg F) 


Fig. 4 (Right) —Thermal con- 
ductivity of Nimonic 80 alloy. 





Thermal conductivity, Btu/(hr) (tt) (deg F) 


And Alloys Up to 1100 F 


another metal that had been carefully 
measured by comparison with lead. 
The results are believed to be accu- 
rate within 4 percent. 

The experimental results with steels 
and high temperature alloys are shown 
in Figs. 1 to 4. The conductivity of 
porous 301 stainless steel, Fig. 2, can 
be compared with the conductivity of 
$816, Fig. 1, which is similar to rolled 
301. The 25 percent porosity de- 
creased the thermal conductivity ap- 
proximately 60 percent. 

All the conductivities shown in Figs. 
1 to 4 increase with increasing tem- 
perature with the exception of the steel 
AISI 403. The conductivity of this 


steel decreases slightly with increasing 
temperature. 

Results of the measurements on the 
aluminum alloys 24S, 14S, and 355 
are shown in Figs. 5 to 8. In Fig. 5, 
run 1 is the result of making measure- 
ments at low temperatures and in- 
creasing the temperature step by step 
to obtain the results at higher tem- 
peratures. The temperature was then 
lowered and this procedure repeated to 
obtain the results of run 2. It is seen 
that some change in the conductivity 
was caused by heating the specimen. 

No definite trend was established for 
14S and 24S aluminum alloys unless 
heat-treated before testing. The con- 
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ductivity of the 355 aluminum alloy 
was fairly constant after the first run 
although. it received no heat-treatment 
other than obtained during the test. 

The result of making similar meas- 
urements on 14S aluminum alloy is 
shown in Fig. 6. This specimen was 
in heat-treat condition T (Ref. 2) 
at the beginning of the test. The same 
erratic changes were observed with the 
14S alloy as were observed with the 24S 
alloy. The fact that these alloys have 
copper in solid solution, which under- 
goes changes during the age-hardening 
process at low temperatures, probably 
accounts for the uncertainty of their 
conductivity. 

In an attempt to stabilize the con- 
ductivity of the 14S alloy, it was 
heated to 775 F, held there for 50 
hours, and cooled slowly. The material 
was then tested again and is shown to 
be stabilized in Fig. 7, although the 
scatter of the experimental points is 
rather large. 

In Fig. 8 is shown the thermal con- 
ductivity of 355 aluminum alloy. Al- 
though heating the specimen had some 
effect on its conductivity, the change 
was not as much as that for the 24S 
and 14S aluminum alloys, probably 
because the 355 alloy contains less 
copper than the other two alloys. 

In Fig. 9 is shown the thermal 
conductivity of brass; its conductivity 
also increases with temperature. 

Conductivity of the intermetallic 
compound molybdenum disilicide is 
shown in Fig. 10. This compound has 
a pouring temperature above 3000 F; 
its conductivity-temperature curve is 
much like that of a pure metal or low 
alloy steel. Reference 3 gives some 
additional properties of molybdenum 
disilicide. 

It is shown in Fig. 11 that the 
results of the measurements on pure 
silver are somewhat higher at the low 
temperatures and somewhat lower at 
the high temperatures than the results 
obtained by Bailey (Ref. 4). The 
curve obtained by Bailey is shown in 
Fig. 11 for comparison. 


REFERENCES 
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Thermal Conductivity of Several Metals And Alloys Up to 1100 F 


Temper oture, F 
Temperature, F 
o 
o 
o 
Temperature, F 
o 
o 
o 


IO 120 90 120 20055 IOO 
Thermol conduc'tivity, Btu /(hr)(ft)(deg F) Thermal conductivity, Btu/{hr) (ft )(deg F) Thermal conductivity, Btu/(hr) (ft) (deg F) 


Fig. 5—Thermal conductivity of Fig. 6—Thermal conductivity of Fig. 7—Thermal conductivity of 
aluminum alloy 24S. aluminum alloy 14S. 14S aluminum alloy treated. 


TABLE I—NOMINAL MANUFACTURER'S COMPOSITION OF MATERIALS TESTED 
- . Material | Ni | Fe| Cr | Co | | Ti | C 


| Inconel X | | 73.4 | 6.9 | 14.6 | | 2.3 | 1.0 | 0.05 


| N-155 (low C). | | 20.0 | bal. | 20.0 | 
| Nimonic 80 | 0 63| 74.2 | 


| AISI 403 | bal. 


Refractaloy 26 


0.3 | 37.0 | bal. | 18.0 | 20.0 | 


| S816 | | 20.0 | bal. | 20.0 | 45.0 


| I 
| X-40 .0 | bal. 
| Porous 301 
stainless* 





Aluminum alloy 
24S 
Aluminum alloy 
14S 
Aluminum alloy | 
NR oria ua | | | 
Molybdenum 
disilicide 


























Intermetallic compound, MoSi; 


"Brass | Y p iw. bee du 1 R [35.5 | 3.0 

















99.4 | 


| Silver a | ku s 2 


*Porosity of 301 stainless-steel specimen is 25 percent. 
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355 aluminum alloy. Fig. 9——Thermal conductivity of brass. 
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of silver. 
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----Eccentric columns 








A= Area 
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Geometry Parameter, B 


|Allowable Buckling 


e= Column eccentricity | 


Z: Section modulus 


Fig.! 


Stresses 
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Charts for Allowable 


Compressive Stresses in 


Aluminum and Magnesium 


B. E. GATEWOOD 


USAF Institute of Technology 
Department of Mechanics 


DERIVED from theoretical procedures 
and test data given in NACA and air- 
craft company reports, these charts 
show the allowable compressive stresses 
in both the elastic and plastic regions 
for structural elements. 

These charts are based on a non- 
dimensional compressive stress-strain 
curve that is applicable to all aluminum 
and magnesium alloys. 

The allowable stress is given in terms 
of non-dimensional parameters, S and 
B, which are functions of o, the 
compressive yield stress of the mate- 
rial, the modulus of elasticity, E, the 


B!6 


buckling coefficient, K, the maximum 
stress coefficient, M, and the geometry 
of the element. 

Types of allowable compressive 
stresses that can be obtained are enum- 
erated in the following discussion. 
Definitions and procedures are indi- 
cated for each; Ref. 7 gives derivations 
and discussions. In each example, the 
geometry of the structural element and 
the material are assumed to be given so 
that E and o,, are known. Since K and 
M can be read from Figs. 2 and 3, B 
can be calculated and $ obtained from 
Fig. 1 or Fig. 4. The value of $ with 
the known o,, gives the desired allow- 
able stress as shown. 

1. Compressive buckling stress 
(oor) Of flat plates—Use curve for 


plates in Fig. 1 with following values 


Cor a b 
$5 dE. na. [5 [5 
N KE ( t ) 


where b, t, oey, and E are given, K is 
from Fig. 2, and oç is the desired 
buckling stress. 

2. Compressive maximum stress 
(occ) Of flat plates—Use the curve in 
Fig. 4 with the maximum stress coeffi- 
cient M — 0.48, B and K as for com- 
pressive buckling (1). Then 


S =Ccc/Cey 


Note that g,, — o, for B« 1.63. 

3. Shear buckling stress (oer) Of 
flat plates—Use osy instead of sey in 
procedure for compressive buckling 
(1) with a value of K for shear from 
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. LÀ . . I 
K for Compression, Sheor, end Bending of Flot Plotes ——ə | 


"M" ond"K" Values for Channels ond Zees in Compression 





For bending, use K=2/6 M-formed in | M-extrusions 


"T" cond formed in "0" 
Ë " cond 
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o 


(o 


Buckling coefficient, K 


5 


“Simply supported sides 
— (compression)" 
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Fig.3 (A) 


"M" ond "K" Values for Channels gnd Zees in Bending 
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'T" cond formed in “O 
cond 


-formed in |M-extrusions 
" cond formed in O” 
cond 


p an 





May be different 'b"and"" 
from compression leg | 
| 
| Journal of Aero Sciences Í Journal of Aero. Sciences 
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S 
o 
@ 


f, 


Stress Paramete 
8 


04 


the curves of Fig. 2. For aluminum 
alloys the value of o,, is approximately 


0.6 Toy. 

4. Bending buckling stress (o,,) of 
flat plates—Use same procedure as 
for compressive buckling (1) with 
K = 21.6. 

5. Interrivet buckling stress (o,) 
of flat plates—Use Euler's column and 
Johnson's parabola in Fig. 1 with 


— 
| e. 1.72 8 

, B =.] ba s 
VP) 


where s, the rivet spacing, /, the plate 
thickness, E, and oey are giyen and 
ge is the desired buckling stress. 

6. Column stress (o,) for sections 
with stable cross-sections—Use Euler's 
column and Johnson's parabola, or 
eAc/I curves for eccentric loading, in 


Fig. 1 with 
X) 
p 


Ocy 


— l 
i y E ( = 


where L’, the effective column length, 
p, radius of gyration, Se and E 
are given. Desired column stress is gp. 

7. Column stress (o,) of sections 
with local instability—Use Euler's col. 
umn and Johnson's parabola, or 
eAc/I curves for eccentric loading, in 
Fig. 1 with 


g — , 
wag he ok 
Te VE ( p ) 


S s= 


Fig. 4 


Allowable Crippling 
Stresses 











12 16 20 


Geometry Parameter, B 


Sec is the crippling stress from (10). 
8. Bending crippling stress (oee) 
of sections with local instability—Use 
Fig. 4 with M and K from Fig. 3 (C) 
B as in item 9. $ = o¢/acy- 
If K is not known for the section ob- 
tain a value of B for each element of 
the section, use B in Fig. 1 to obtain 
the stress for the element and average 
all elements (304/4) to obtain ceo 
for the section. If the section has 
lateral instability, then the above value 
must be reduced. 
9. Compressive stress 


buckling 


3.2 3.6 


Journal of Aero, Sciences 


(oor) of sections with local instability 

Use plate curve in Fig. 1 with 

Em (>) 
NKE N 
K in Fig. 3, and Ref. 1, a; b, #, E. 
and Sey are given; er is the desired 
buckling stress. 

10. Compressive crippling stress 
(Sco) OF sections with local instability 
—Use Fig. 4 with M from Fig. 3, 
B and K as for compressive buckling 
(item 9) with 


Ter 


Ccy 


5 - Ge / ey 
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Fig. 1—Stress-rupture test results on pure molybdenum samples. Because 
of poor oxidation resistance of the metal, all tests were made in a vacuum. 


High Temperature Data for 


Molybdenum and 


Molybdenum-Base Alloys 


HOWARD C. CROSS 


Metallurgist, Battelle Memorial Institute 


The production of molybdenum by 
powder-metallurgy techniques and the 
development of a successful arc-melt- 
ing and casting process has increased 
interest in molybdenum and its alloys. 
The data to be reported here were 
obtained in research on “A Metal- 
lurgical Study of Molybdenum” for 
the Office of Naval Research and in 
research for the Wright Air Develop- 
ment Center. 

To determine high-temperature 
properties, pure molybdenum samples 
were obtained from various producers. 
Some samples were tested in the as- 
received (hot-worked) condition, and 
some in either the stress-relieved or 
the recrystallized condition. The de- 
tails of the fabrication procedures are 
not available for many of the samples. 

Stress-rupture tests were made at 
1,600, 1,800, and 2,000 F. Because 
of the poor oxidation resistance of 
molybdenum, all tests were made in 
a vacuum. In Fig. 1 are shown the 
ranges of properties obtained at the 
three temperatures. 

Molybdenum, as do the so-called 
superalloys, shows a considerable vari- 
ation in properties, depending on how 
it is fabricated and the condition in 
which it is tested. In these tests, the 


B26 


lowest rupture strengths are shown by 
metal recrystallized before testing; 
and the highest, by molybdenum in 
the as-rolled or swaged conditions. 

Examination of the microstructures 
of the molybdenum specimens after 
stress-rupture testing indicated varying 
degrees of recrystallization, depending 
on the material, the temperature and 
duration of the test. In some tests 
at 1,600 F, the hot-worked fibered 
structure showed a  creep-rupture 
strength about 10,000 psi greater than 
the recrystallized equiaxed structure. 
At 1,800 F, this superiority is prac- 
tically lost in long-duration tests. 
Ductility as indicated by elongation at 
rupture was good. Only in extended 
tests at 2,000 F were elongations of 
less than five percent obtained. 

Under a contract with the Wright 
Air Development Center, work is in 
progress on the effects of fabrication 
variables on the recrystallization of un- 
alloyed molybdenum produced by the 
powder-metallurgy process. This work 
nas been in progress only a short time, 
therefore, results are incomplete. 

Rupture tests, however, indicate 
that better high-temperature character- 
istics could be obtained if recrystalliza- 
tion could be retarded or controlled by 
processing. Vacuum sintered molyb- 
denum and hydrogen sintered molyb- 
denum act differently. In vacuum 


sintering, a higher temperature is re- 
quired to produce recrystallization. 
Vacuum sintering sometimes promotes 
unusual grain growth in the form of 
large elongated grains. 

Test results show that there is no 
significant difference in the extent of 
recrystallization between 10 and 20 
percent reduction by rolling per pass 
at 2,280 F, that the combination of 
a 24-hour mid-point anneal and 60 
percent reduction produced essentially 
no recrystallization even after a stress- 
relieving treatment of 1/ hour at 2,010 
F, and that, with no mid-point anneal 
and 90 percent reduction, both the 
vacuum sintered and the hydrogen 
sintered materials recrystallized. 

The use of 60 percent reduction 
rather than greater amounts following 
the mid-point anneal appears to be 
desirable, and the use of ka reduc- 
tions, about 30 percent, appears to be 
even better. 

Other tests to determine suitable 
stress relieving treatments have been 
conducted with five arc-cast molyb- 
denum-base alloys obtained from the 
Climax Molybdenum Company. One 
alloy contained 2.4 Ti; another 0.32 
Cb; another, 0.67 V; another, 0.85 V; 
and another, 0.04 Co. All five mate- 
rials were heat-treated for one hour 
at 1,800 F, following which the tem- 
perature was increased in 200 deg F 
increments until the materials showed 
complete recrystallization. 

The 2.4 Ti alloy did not recrystallize 
completely until treated at 3,200 F. 
The other four alloys recrystallized 
between 2,000 and 2,400 F. 


Stress Rupture Tests 

Stress rupture tests were then made 
at 1,600, 1,800, and 2,000 F on these 
alloys in both the stress-relieved and 
the recrystallized conditions. Results 
of these tests are shown in Fig. 2. For 
purposes of comparison, the range of 
properties obtained for unalloyed arc- 
cast and  powder-metallurgy pure 
molybdenum is included. 

At 1,600 F temperature, the strengths 
of four of the recrystallized alloys 
containing Co, Cb, and V fell in the 
upper E of the range for the pure 
molybdenum, indicating a strengthen- 
ing effect from the alloy addition. The 
strengths for the stress-relieved alloys 
were 20,000 to 25,000 psi greater and 
the superiority was maintained even 
at the longest testing periods. 

At 1,800 F temperature, the same 
relationships were observed. Note 
that the 0.85 V alloy showed the 
greatest strengths, although the dif. 
ference was small. The stress-rupture- 
time curves for the 0.04 Co and 0.67 
V alloys show a change in slope at 
testing times slightly in excess of 100 
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hours, probably as a result of re- 
crystallization during the testing. 

At 2,000 F temperature, the strengths 
of the stress-relieved and the recrys- 
tallized alloys are quite similar, prob- 
ably because of this test temperature, 
recrystallization occurs rapidly under 
stress. Note that at 2,000 F the mo- 
lybdenum-base alloys consistently show 
greater strengths than does pure mo- 
lybdenum. 

The alloy reported to contain 2.4 
Ti showed some promising results in 
tests at 1,600 and 1,800 F. After 
testing in excess of 400 hours, the 
stress was increased several times for 
periods of 100 hours, still without 
failure. Additional tests on this heat 
could not be run because of faulty 
material. 

A replacement alloy, reported to 
contain 2.46 Ti, was found on analysis 
to be probably lower in titanium con- 
tent than the previously tested alloy 
At 1800 F, the replacement alloy in 
the stress-relieved condition is not as 
strong as the 0.85 V alloy; but at 
2,000 F, the replacement alloy shows 
considerably higher strength than the 
specimens of the other alloys tested. 


Rupture Strengths 


A comparison of 1,000-hour rup- 
ture strengths for molybdenum alloys, 
stainless steel, some superalloys, and 
ceramels is shown in Fig. 3. The bot- 
tom boundary of the area for molyb- 
denum alloys shows the best values 
obtained for pure molybdenum in the 
stress-relieved condition and the top 
boundary of the area shows the prop- 
erties for the best molybdenum-base 
alloy tested to date. 

Note that as compared with the 
superalloys, a significant improvement 
in strength has been made, with con- 
siderably higher strengths at compa- 
rable temperatures such as 1,600 and 
1,800 F, and comparable strengths at 
increased temperature levels. The 
strength level for a strong ceramel is 
also indiacted. 

It should be pointed out that none 
of the values shown in Fig. 3 has been 
corrected to take into account the densi- 
ties of the various materials. 

The high-temperature quete 
cited for molybdenum and molyb- 
denum-base alloys are encouraging. As 
more is learned about alloying and 
fabrication, it is possible that still 
higher strengths may be obtainable. It 
is hoped that there will soon be avail- 
able some consistent means of protect- 
ing these molybdenum-base materials 
from oxidation so that their promising 
long-time strength properties can be 
utilized to their greatest advantage. 
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Fig. 2—Stress-rupture tests on arc-cast molybdenum-base alloys. Shaded 
areas show properties of unalloyed are-cast and powder-metallurgy pure 
molybdenum. 
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Fig. 3—Comparison of 1000-hour rupture strengths for several materials. 
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Developments to Watch 


OXYGEN STEEL PROCESS ... 
For many years metallurgists and steel 
makers have been talking about and 
experimenting with the use of oxygen 
in blast furnaces for the production 
of steel. In Europe the progress in this 
field was much more rapid. Oxygen 
steel making has been the biggest 
thing to hit the European iron and 
steel industry in recent years. Now it 
is reported that Kaiser Engineers Divi- 
sion, Henry J. Kaiser Co. has imported 
to this country one of the processes 
for the making of steel using oxygen 
in the blast furnace or converter. The 
Kaiser engineers state that the oxygen 
converter process combines the high- 
tonnage and low-cost features of the 
Bessemer process along with the high 
quality of the open hearth. This 
sounds like a duplex process in one 
operation. 

The new process has been described 
as one of the most important steel 
making advancements in the last 50 
years. Essentially, the process consists 
of blowing either an oxygen-enriched 
air or a mixture of oxygen and steam 
through a charger which is any basic 
converter. This gives the steel maker 
a rimmed steel that is exceptionally 
low in nitrogen, phosporus and 
sulphur. The nitrogen is only 0.0020 
percent. The phosphorus and the 
sulphur are each 0.0002. As is to be 
expected, with these low percentages 
the ductility of the steel is exception- 
ally good and it is said that all of 
the other physical properties are ex- 
ceptionally high. 


STEEL FOR FASTER MACHIN- 
ING . . . Leaded steels are now get- 
ting considerably more attention. As 
in the case of the bronzes, the lead 
is neither dissolved or combined with 
the iron or other elements in the steel 
but is distributed homogeneously 
throughout the steel in the free state. 
At present alloy steels 4140 and 8620 
are available in the leaded form and 
other leaded alloys are being developed. 

The most desirable property of the 
leaded alloy steels is the ability to 
cut them at a faster rate, about 25 to 
50 percent faster than the same alloy 
unleaded can be cut. For example, the 
standard rate for machining AISI 4140 
is 105 feet per minute while the 
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leaded 4140 has been machined at 
rates as high as 135 to 195 feet per 
minute. 

Of course the cutting speed in itself 
has no significance if the tool life is 
reduced correspondingly. However, ac- 
cording to test reports, when machin- 
ing leaded 4140 the tool life is 
increased from 25 percent to as much 
as 400 percent for the same feeds and 
speeds, depending upon the part and 
the operation. 

Stranger, it is reported that there 
is no difference in the response of the 
steel to heat-treatment whether it is 
leaded or not leaded. In view of the 
fact that the lead is dispersed through- 
out the steel in the form of tiny 
globules, it would be expected that 
the strength properties of the material 
would be effected to some degree or 
other, Such, however, is not the report 


ALLOY STEELS . . . One of the 
austenitic stainless steels, 19-9 DL 
which has been widely used in jet 
engines, experimental aircraft and gas 
turbines is now commercially available 
in the form of seamless tubes. The 
tubing is being produced by the hot 
extrusion process. 

Low alloy steels with additions of 
titanium ore and boron are said to 
have creep strengths at 1100 F com- 
parable to the high creep strength of 
the high alloy stainless steels. For the 
other temperature extreme there have 
been developed a family of low alloy 
steels with additions of molybdenum, 
manganese and silicon. These low alloy 
steels are said to have high impact 
strength properties even when exposed 
to sub zero temperatures. 


ALUMINUM .. . Conventional alu- 
minum billets are made in maximum 
size up to approximately 30 inches 
in diameter and 72 inches long. The 
maximum size of the billet determines 
the maximum size of a single plate of 
given dimensions. The development 
of a continuous casting process for 
the production of aluminum ingots 
now promises to increase the maxi- 
mum size of plates obtainable. This 
will make possible considerable 
changes in the design of aluminum 
tanks and other structures where large 
aluminum plates are required. 


Stepped extrusions and tapered ex- 
trusions are receiving a great deal of 
study and development. The stepped 
extrusions have proven advantageous 
in many structures, particularly aircraft 
frames. Tapered extrusions are a 
further improvement in that they per- 
mit a changing cross section that 
changes in conformance to a desired 
curve, or relationship. 

One producer of aluminum plates 
is now making plates that have de- 
creasing thicknesses in one direction. 
Such plates will greatly speed the pro- 
duction of aircraft shim sheets that are 
now machined to a tapering thickness. 


PURE METALS HAVE UNPRE- 
DICTABLE PROPERTIES 
Chemically pure water does not boil 
at 212 F nor does it freeze at 32 F. 
Likewise pure metals exhibit properties 
and characteristics entirely different 
from those of metals possessing even 
only traces of impurities. There is now 
in development a process for the pro- 
duction of super high purity metals by 
a vacuum process. Super alloys and high 
purity magnesium, chromium are tops 
on the list. By the addition of slight 
amounts of alloying metals to the pure 
material, broad properties can be ac- 
centuated. Mechanical strength at high 
temperature, corrosion resistance, low 
creep and other properties. 


MORE ABOUT TITANIUM ...A 
process, developed by the Glenn L. 
Martin Company, holds promise of be- 
ing able in the future to produce long 
ingots of virgin titanium from scraps 
of titanium sheets. By resistance spot 
welding a stack of sheets submerged in 
liquid, a solid ingot of virgin metal 
is formed that is at least as strong as 
the parent metal. By performing the 
welding cycle with the cooling of a 
liquid, titanium ingots as thick as 6 
in. can be obtained. These can be ma- 
chined into aircraft hardware or other 
parts. 

The process offers possibilities of 
fabricating heavy wing sheets by weld- 
ing step laminated titanium sheets to- 
gether and then machining them to 
the required taper rather than machine 
the sheet from specially rolled thick 
metal. Also, this new process will in- 
crease the value of the scrap material. 
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A great deal of thought and experi- 
menting is now being put on surface 
treatments for titanium. It is reported 
that there has been at least partially 
developed a nitriding or carburizing 
process for the production of hard 
surfaces on titanium parts. Another 
technique that is being worked on is 
the coating of titanium surfaces by 
vapor deposition in a vacuum in order 
to obtain a hard surface coating that 
is wear resistant and non-galling. 


NEW ALLOY FOR STAINLESS 
APPLICATION . . . While studying 
the physical characteristics of a non- 
critical, "soft, aluminum-iron, mag- 
netic material, metallurgists at the 
U.S. Naval Ordnance Laboratory un- 
expectedly found a new high-tempera- 
ture alloy capable of replacing stainless 
steel in many applications. Addition 
of 5 percent of either vanadium or 
molybdenum to the aluminum (16 
percent) and iron (84 percent) pro- 
duced unique features: High electrical 
resistivity, Corrosion resistance, reason- 
ably high tensile strength, improved 
ductility and heat resistance. 

The new material, Thermenol, is 
20 to 25 percent lighter than stainless 
steel and, when heated to 1,300 C, its 
weight losses are low. 

Because of the high aluminum con- 
tent, the alloy has good resistance to 
corrosion and oxidation. A coating of 
aluminum oxide forms on the metal 
for protection. 

According to preliminary creep-to- 
rupture tests, at 1,200 F, Thermenol is 
better than some forms of stainless 
steel being widely used in the aircraft 
industry today. 

Possible applications include substi- 
tuting for stainless steel in jet engine 
tail cones and exhaust systems, chemi- 
cal processing equipment subjected to 
corrosion, and because of its high elec- 
trical resistivity such items as heater 
elements for toasters, low. temperature 
industrial furnaces and numerous other 
electrical appliances. 


POWDER METAL SHEETS 

Powder metallurgy is making rapid 
strides and is steadily increasing its 
role in the metals field. Its obvious 
advantages include the possibility of 
parts made of metal mixtures, metals 
of extraordinary purity produced from 
powders and the many possibilities 
that are created by virtue of forming a 
solid material out of powders. This 
means porous metals, porous metals 


impregnated with other materials, con- 
trolled densities and many other fea- 
tures. 

Up until recently metal powder 
parts have been confined to metal 
powder pressings. Such pressings do 
not have the ductility of rolled mate- 
rials and are therefore not readily 
formable by press operations. 

For many years there has been work 
going on in various countries looking 
to the possibility of developing manu- 
facturing techniques for the rolling 
and extrusion of compact powder 
materials. Today more and more 
metals are being abstracted from their 
ores or concentrates in the form of 
powders. It is appalling to contemplate 
the conversion of these powders direct- 
ly into sheets or rolled forms without 
going through the process of molding, 
casting into ingots and then rolling. 

Sweden and Britain have developed 
techniques for the extrusion of alumi- 
num powders, aluminum-lead mixtures 
and other combinations. Indeed it ap- 
pears that it will be possible to ex- 
trude aluminum powders cold. 

Alloy sheet materials are being com- 
mercially rolled from powders by a 
German plant. The rolled sheets of 
powder materials include copper, phos- 
phor bronze, cupro nickel and bearing 
alloys. Indeed, the process has been 
developed to the point where they are 
rolling out bimetallic strips for bear- 
ing materials, friction materials and 
electrical contact applications. 

[n the United States and in Europe 
there is development work in progress 
using large size mills to determine all 
of the factors such as pressure, feed 
rates, temperatures and so forth for 
producing rolled sheets and sections of 
uniform thickness in continuous opera- 
tion. In the rolling operations the 
metal particles retain more or less a 
degree of freedom in the direction of 
rolling. There is also freedom for lat- 
eral flow. This is in contrast with what 
takes place in die compression where 
the pressure on the particles is practi- 
cally entirely in the axial direction 
and the mass of the powder is sur- 
rounded by a definite boundary which 
does not permit any particle flow other 
than axial. Thus in the rolling of pow- 
ders there is much more metal flow 
than takes place in die compaction. 
In both processes, any entrapped gases 
will expand during subsequent sinter- 
ing, which is required both in the roll- 
ing process and in the production of 
powder pressings. 
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As of today, there are no specific 
limiting ranges of thicknesses to which 
the powder metal strip can be rolled. 
In general the thicker the strip the 
greater will be the roll diameter re- 
quired and of course the roll gap. The 
properties of the powder are a deter- 
mining factor. The maximum thickness 
of strip that can be rolled depends 
upon the green strength of the pow- 
der, that is, the strength of the sheet 
before it been sintered. At the 
other extreme, the minimum thickness 
of powder metal sheet that can ve 
rolled depends upon the softness of tne 
material, its work hardening character- 
istics, the roll pressure available ana 
the stiffness of the rolls. This last fac- 
tor also applies to the rolling of con- 
ventional sheets and strips. 


has 


It is expected that the rolling ot 
powder metal sheets will be developed 
for the production of heat resisting 
alloys in sheet form. This is made pos- 
sible because the production of alloys 
by the interdiffusion of powders pre- 
sents no difficulties. Powdered Metai- 
lurgy, Ltd. of Great Britain has 
reported that it has been doing con- 
siderable research work on the devel- 
opment of powders and powder mix- 
tures for the rolling of materials such 
as stainless steels, Stellites, Vitallium, 
cupro nickel, Kanthal, and Nimonic. 


CORROSION RESISTANCE OF 
BERYLLIUM COPPER .. . Recent 
tests of beryllium copper and beryl- 
lium-cobalt-copper in various tempers 
and conditions in sea water and marine 
atmospheres indicate that the corrosion 
resistance of beryllium copper com- 
pares favorably with that of copper 
Also, that beryllium copper provides 
slightly better resistance to sea water 
than does beryllium-cobalt-copper. 

Although cold rolling or precipita- 
tion hardening results in a marked 
improvement in the strength and hard- 
ness of these alloys, they cause no 
observable difference upon corrosion 
resistant properties. The change in 
tensile strength and elongation result- 
ing from edge corrosion is insignifi- 
cant. 

For all the materials tested, the cor- 
rosion rate decreased with increasing 
exposure time, but an increase in the 
corrosion rate was evident with a rise 
in the velocity of water flow. Galvanic 
potential and corrosion of beryllium 
copper under open-circuit and polariz- 
ing conditions were similar to that of 
other copper-base materials. 


B29 





Weirzin 


make better products 


... more economically 


Weirzin is an electrolytic zinc-coated sheet 
produced by modern methods—supplied 
with commercial coating as WEIRZIN, 
and with a flash zinc coating chemically 


treated as WEIRZIN PAINT-RITE. 


Weirzin and Weirzin Paint-Rite are espe- 
cially adaptable to difficult deep drawing 
and forming operations—will not peel or 
flake. The zinc remains intact—of even 
thickness—forming an impervious protec- 
tive coating. This tight electrolytic zinc 
coating lubricates dies without leaving a 
deposit. Die maintenance costs are re- 
duced, and die life is increased by as much 


as 300 per cent ! 


Weirzin weathers well. When chemically 
treated it assures long-time adhesion for 
enamel, paint, or lacquer. The finish clings 
to Weirzin. Moreover, it successfully resists 
heat and moisture—even under adverse 


conditions 


No wonder so many manufacturers choose 
Weirzin—to make better products 
more economically! 


Max. .0478 Min. .010 
36" Min. 2” 
Max. 144” Min. 18’ 


*Weirzin can be supplied in gauges lighter than .040 up to 
a maximum width of 36" and in gauges .040 and heavier 

in a preferred maximum width of 26". Cut lengths are 
supplied over 4" wide, .015 and heavier. Sizes 

beyond above limits to be submitted. 





Weirton 


assures high fatigue 
resistance ... easier cold 


forming or blanking 


The high quality of Weirton High-Carbon 
Strip cold-rolled spring steel makes cold 
forming or blanking easier and allows it to 
meet the requirements for a wide variety of 
products where high fatigue resistance is a 
principal factor. 


You can count on Weirton High-Carbon 
Strip cold-rolled spring steel . . . for accurate 
response to heat treatment—uniformity of 
gauge and width—uniform chemical and 
physical properties—exact constancy of grain 


structure—controlled decarburization limits. 


Weirton High-Carbon Strip cold-rolled spring 
steel is supplied with the desired chemical 
analysis and for specified heat treating and 
hardness ranges in strips up to 7 inches wide. 
Weirton metallurgists will be glad to help 
customers work out the correct specifications 
for their applications. 


)PHEROIDIZED AND PEARLITIC 
TRUCTURES 


The photomicrographs illustrate the 
two structural forms of Weirton spring 
steel. At the top the steel has been 
spheroidized and annealed — soft and 
ductile, it is ideal for cold forming 
operations. Below is the pearlitic steel 
structure that is so essential to clean, 
economical blanking procedure. 


cold-rolled specifications 


CB — — WEIRTON STEEL COMPANY 


Width 
016 /.062 Ya" 7” WEIRTON, WEST VIRGINIA 


MODS WE ci ec 6h ioin 7” 
.125 and heavier......... 1" 





EXPANDED METAL 
improves almost anything 


s 


FROM TANK TRAILERS TO 


Take a look around and notice how often you see Penmetal 
expanded metal in use, today, in modern products every- 
where. It is literally the material of a thousand uses. 

Why is this material rapidly becoming a sign of good 
design, good engineering? Because it is strong and rigid, 
yet light in weight and low in cost. Because it permits 
free passage of light and air, and has that smart, clean, j — 
attractive appearance that typifies modern trends in design. 


Penmetal expanded metal is sheet metal that has been 
slit and expanded to as much as ten times its original width. 
Up to 80% lighter than solid sheet of the same dimensions, 
the diamond truss pattern adds rigidity and strength. 
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Available in corrosion-resistant metals as well as carbon 
steel; large or small mesh; light or heavy gauge. Easily 
formed; shaped and welded. 


Send for NEW 28-page catalog which gives mesh sizes, 
weights and dimensions, and shows many profitable ways 
in which you can use Penmetal expanded metal. No cost 
or obligation. 
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PENN METAL COMPANY, INC. 


General Sales Office: 205 East 42nd Street, New York 17, N. Y. The tank trailer, made by Trailmobile, Inc 
, , -» 


District Sales Offices: Boston, Philadelphia, Parkersburg (W. Va.), Cincinnati, Ohio, uses Penmetal expanded metal 
Detroit, Chicago, Dallas, Los Angeles, San Francisco» Seattle for walkway. 
Penmetal expanded aluminum is used for the 
television antenna manufactured by The Radiart 
Corporation of Cleveland, Ohio. PM-34 
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CREATED- METALS 


Cemented Carbides * Permanent Magnets 
Thermistors * Hevimet 


Carboloy Created-Metals are products of the laboratory, THE CARBOLOY ENGINEERING APPRAISAL SERVICE 


developed to improve products, processes or methods This service was organized to help industry make the maxi- 


at less cost. mum use of the properties of Carboloy Created-Metals. 
Cemented carbides for resistance to all types of wear, Trained Carboloy Engineers, using the latest test and de- 
velopment equipment, can become a valuable addition to à 
your research department, without cost. You can count on Ë 
Permanent mognets for compact sources of never- their expert technical assistance in the following fields. ai 


failing energy. e 


plus metal cutting and forming. 


Erosion and corrosion resistance 
Hevimet for maximum density in minimum space, and Abrasive friction wear 


shielding against radioactivity. Metal cutting and forming 
Thermistors for the automatic detection, measurement Temperature controls 

and control of energy. Shielding against radioactivity 
High density weights and balances 


Electrical and mechanical applications involving 
permanent magnets 


Thousands of applications for these Created-Metals are 
in use throughout industry. This background, acquired by 
Carboloy Engineers during more than 25 years of develop- 
ment work, can assist you with your problems. To get these services, just send post card, attached inside. 


CARBOLOY HEVIMET.... FOR: Shielding against radioactivity e High rotating 


inertia e Weights and counterbalances 


Almost 5096 heavier than lead, Hevimet's tensile prop- SIZES AND SHAPES AVAILABLE 


erties are superior to most common nonferrous metals 
and alloys. This combination of high density and high 
tensile strength makes Hevimet ideal for protective shield- 
ing against X-rays and gamma rays, and for high inertia 
and counterweight applications. 


Carboloy Hevimet is available in a wide variety of shapes 

rectangular, rod, tubular, etc. — up to a size of approxi- 
mately 16%” O.D. x 15” height (solid cylinder). Since 
there is no line of standard Hevimet shapes or sizes, all 
jobs call for drawings. Items can be purchased (singly or 
in quantities) as “pressed and sintered blanks,” or will be 
finish-machined to print specifications. 


CHARACTERISTICS 


An alloy of tungsten, nickel and copper, Hevimet is avail- 

able in two grades: HM-1, with high tensile strength; ENGINEERING ASSISTANCE 

HM-2, with medium tensile strength. Both grades are Carboloy Engineers will work with you on any applica- 
easily machined with carbide cutting tools and are readily tions involving Hevimet. Send post card for additional 
joined by any one of several conventional methods. information and for free Hevimet Technical Report 


NOMINAL PROPERTIES OF CARBOLOY HEVIMET 


CHEMICAL COMPOSITION: % (Nominal) THERMAL PROPERTIES: Section HM-1* Section HM- 
Tungsten Coefficient of Thermal Expansion (in/in/°C) a 
Nickel (20°—400°C) 10- 5.6 x 10-* 
ELECTRICAL PROPERTIES: 
Conductivity (ohm-cm/cm?) 0.68 x 105 0.68 x 105 
MECHANICAL PROPERTIES: Section HM-1* Section HM-2* Magnetic Permeability nonmagnetic nonmagnetic 
REED MNA... ee eee eer noa n ococe 90,000 60,000 SHIELDING PROPERTIES: 
Hardness (Rockwell “C”) 20—30 20—30 X-Ray Absorption @ 2,000,000 volts 1.4 x lead 1.4 x lead 
Modulus of Elasticity (p.s.i.)..................... 35 x 10* 35 x 10* Half-Value Layer for Co* (inches) (narrow beam). . 0.330 0.330 
Modulus of Rupture (p.s.i.)...................... 200,000 100,000 (broad beam). .. 0.344 0.344 
Yield Strength (0.295 offset) (p.s.i.). ... .......... 75,000 OTHER PROPERTIES: 
Elongation (% in 2 inches) 2—10% Density (gms/cm?) 16.9—17.2 16.7—17.2 
Proportional Elastic Limit (p.s.i.)...............4. 25,000 *Up to 4%” thick 


"Carboloy'' is the trademark for products of the Carboloy Department of General Electric Company 





PERMAN i " Y. M" AGNETS... FOR: Communications ® Meters and Instruments 
Motors and Generators è Controls e Magnetos 


Toys and Novelties € Mechanical Holding 


Carboloy Alnico permanent magnets provide high coercive STOCKED MAGNETS 
force and high magnetic energy in a wide variety of simple 
or complex shapes. In addition to aluminum, nickel, cobalt 
and iron, some grades contain copper and titanium to pro- 
vide additional magnetic properties. Rectangular bars Rectangular U 


FORM Square bars Semi-Circular U 


All seven Alnico grades (1, 2, 3, 4, 5, 6, 12) can be cast. Horseshoes Rods 

Alnico 2, 4 and 5 are also available sintered for special Round U Rotors 

applications requiring more uniform flux distribution, In addition, many sizes of rods, bars, blocks, rings 
closer tolerances and higher physical strength. and sleeves are available from stock patterns. 


Carboloy permanent magnets are stocked in many 
sizes of the following shapes: 


ENGINEERING ASSISTANCE Carboloy laboratory equipment. Or, you may obtain either 
A complete engineering test-and-design service is avail- of two "You-Try-It" magnet kit assortments, for use in 
able. In addition to the Carboloy engineering appraisal working out your own magnet design applications. For 
service, you may obtain sample magnets designed to your further information, and for free technical literature, use 
specifications, and have your product tested on the modern attached post card. 


MAGNETIC PROPERTIES OF CARBOLOY ALNICO PERMANENT MAGNETS 


Typical Chemical Magnetizing Magnetic Minimum Residual Minimum Minimum External Energy 


Force Induction > Coercive 
— E E Induction Br Force H* 


Oersteds Gausses Gausses Oersteds — | (Ba Ha) max” 


10 Al, 17 Ni, 12.5 Co, 
6 Cu, Bal. Fe Sintered 


8 Al, 14 Ni, 24 Co, 
3 Cu, Bal. Fe Cast 


8 AI, 14 Ni, 1Ti, 24 Co,| c; 
3 Cu, Bal. Fe Sintered 


8 Al, 15 Ni, 24 Co, 3 
Cu, 1.25 Ti, Bal. Fe | Cast 


*Guaranteed minimum values. 
tNo values available. 


PHYSICAL PROPERTIES OF CARBOLOY ALNICO PERMANENT MAGNETS 


Coefficient 
Generai Average Tensile mm < Hardness | of Thermal — 
Mechanical Density Strength Rockwell | Expansion 1C 


Rupture per cm per 
Properties | Lbs/cu. in. | Lbs/sq. in. Lbs/sg. in. Scale (110-5) = cm? at 25C 


— Hard h ; For small or complicated shapes. 


Cast, Hard, E i : à ih Highest external energy and residual 
Grind Brittle . , , I flux Alnico. Magnetically directional. 


Sintered, Hard, i Highest ‘external energy of sintered 
Grind Brittle " " : Alnicos. 














Cast Hard Higher coercive force than Alnico 5, with 
in eel . lower residual induction and external 
Grind Brittle i " 
energy. Magnetically directional. 


tNo values available. 





CARBOLOY 


CEMENTED CARBIDES....... TUNGSTEN, TANTALUM, TITANIUM, CHROME 
FOR RESISTANCE TO: 


Corrosion € Erosion e Abrasion è Friction 


Because of their physical properties, Carboloy Cemented rosion, erosion, abrasion, friction and heat. High impact 
Carbides are particularly effective for wearproofing ap- strength and polish retention. Low coefficient of thermal 
plications . . . they can increase product durability many expansion and high modulus of elasticity. 

times over. Several grades of cemented carbides are avail- 

able for wear applications—each tailored to combat a ENGINEERING ASSISTANCE 


* e id 
specific set of wear conditions. s 


Carboloy engineers can draw upon a wide range of experi-MIB 
ence gained in solving in-the-field wear problems. They 
CHARACTERISTICS 
Carboloy Cemented Carbides have the following general bide for your job. Test kits on chrome carbide and tech- 
physical characteristics, although specific values may vary nical literature on all grades are available. Send the post 
widely between different grades: high resistance to cor- card for additional information. 


will help you select and apply the correct cemented car- 


PHYSICAL PROPERTIES OF CARBOLOY CEMENTED CARBIDES 


Transverse Coef. Thermal 
Grade Composition Hardness Density Rupture Abrasion Expansion 
Designation % by weight Rockwell A gms /cm? Strength Resistance in./in./^F 
60 Kgm Load psi Dry Al Oxide 70°— 608° 





a pO — | — [rm ci 
Chrome Carbide 2 15} 83 88.0 7.00 100 58.0 5.3 
608 
Tungsten Carbide 91.0 14.95 230 2.8 
44A 
Tungsten Carbide 87 | 13 88.2 14.20 330 13.0 3.38 
55A 
WELES — 
883 


Typical Wearproofing Applications for Cemented Carbides 


Sheer blades for molten glass Gauge blocks Fishing rod guides 

Core pins for ceramic baking Valve and core pins Oil well balls and seats 
Centrifuge nozzles Stops, cams, collets Flow beans 

Spray nozzles Hammermill blades Motor valves, check valves 


Textile guides Power socket wrenches Dental burrs 


Carboloy Cemented Carbides are available in a complete range of sizes and shapes. 
Send post card for complete information. 





FOR: Temperature Measurement and 


2! 
mm 


api SU TURN T T S : Control e Temperature Compensation e Warn- 
THERMISTORS........... 


ing Circuits © Voltage Regulators è Switches 


GENERAL CHARACTERISTICS OF 
CARBOLOY THERMISTORS 


Carboloy Thermistors are the most thermally sensitive 
. . ⸗ , 
resistor material known. These electronic semi-conductors 10 
are extremely sensitive to minute temperature changes (as BESALA f] 


little as 0.0005°C.) because of their large negative temper- P 


ature coefficients 


r1. 
a 


CHARACTERISTICS 


Carboloy Thermistors are made of manganese, nickel and 
cobalt oxides, carefully mixed to various proportions to 
get different thermal resistivity and conductivity values. 
Stability is good at both high and low temperatures. 


PETER 
TT 


GRADES AND STOCKED SIZES 


Two grades oí Carboloy Thermistors are available, differ- 
ing in temperature resistance values. Both grades are 
manufactured and stocked in a wide range of sizes in rods, 
discs and washers, with or without leads. Non-standard 
Thermistors are also available 


SPECIFIC RESISTANCE IN OHM.CMS 


ENGINEERING ASSISTANCE HA —5 
" . š TEMPERATURE IN DEGREES CENTIGRADE 
Carboloy Engineers will work with you on design and 
application problems involving Thermistors. For test and 
development work in your own laboratories, special Car- Temperature resistance values of two grades of Carbo- 
boloy Thermistor aids are available: two application kits l T} d : l 
e > nis s ` > > >< MJ > " 
containing a wide assortment of Thermistors; a new 52- oy vermistors compare to a representative meta 


page Thermistor Manual (see below). Send post card for 


- "Carboloy' is the trademark for products of the 
additional information. 


Carboloy Department of General Electric Company 


Special Thermistor aids for design and application work 


^ THERMISTOR MANUAL (TH-13 
- KIT NO. 2, $125.00 " ' ) 


Designed to help you evaluate and apply the 

KIT NO. 1, $20.00 was — ———— unusual redire AA o of Carboloy Thermistors. 

FOR ENGINEERING APPRAISAL Contains 104 Thermistors: twenty- The manual contains comprehensive descriptions 

six sizes and four styles. Also con- of Thermistor properties, revised static and 

Contains 18 Thermistors: two of tains steel, lead and fibre washers, dynamic characteristic curves, specifications and 
each, in three styles and three sizes. and tubing for building assemblies. order information. 


Send post card inside for complete information, kits and manual. 


CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 
11139 E. 8 Mile Blvd., Detroit 32, Michigan 


Plants at: Detroit and Edmore, Michigan 


IVO eer 





Waterbury's arithmetic gives 


TOTAL SATISFACTION 
FOR YOUR 


ON 
— 


INDIVIDUAL ATTENTION 
TO YOUR ORDER 


REQUIREMENTS 
IN SHEETS STRIP COILS N 


` 
` 
` 
` 

This simple arithmetic gives you the right answer in phosphor bronze. 

It adds up four good reasons for contacting Waterbury Rolling Mills 

on your next sheet or strip order. * 

l. QUALITY — Selected raw materials, metallurgical laboratory control 
protect and maintain the quality of every shipment. 

2. ATTENTION — Waterbury's flexible facilities and simplified organization * 
make it possible to give every order identical attention and close 
follow-up. 

3. ASSISTANCE — Waterbury's metallurgical experience and knowledge is 
available to help you on specific problems. 

4. DELIVERY — Close follow-up, simplified production control, more com- 
pact facilities expedite quick shipments. 

You can order Waterbury Rolling Mills phosphor bronze from the 

office nearest you. 


WATERBURY ROLLING MILLS, INC. 


Established 1906 
Main Office: Waterbury, Conn. * Te. Waterbury PLaza 4-5131 


New York Representative: J. A. Wilson Metal Products Co., 350 Madison Ave. * VAnderbilt 6-1246 
Chicago Representative: General Steel Warehouse Co., Inc., 1830 N. Kostner Ave. * BElmont 5-4266 
Philadelphia Area Representative: John McNichol, 16 West Mill Rd., Flourtown, Pa. * WHitemarsh 8-1869 


ALSO NICKEL SILVER AND OTHER NON-FERROUS ALLOYS 
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You'll find the grade 
the finish 


GRADES 


A.L.S.I. TYPE 
300 SERIES 
301 
302 
302B 
303 
304 
304L 
305 
308 
309 
3095S 
310 
3105S 
314 
316 
316L 
TS316 
317 
318 
321 
347 
TS347 
TS347A 


400 SERIES 


500 SERIES 


B38 


— — 


U-S-S DESIGNATION 


U'S'S 17-7 
U'S'S 18-8 


U:S:S 18-8FM 
U'S'S 18-85 


SHEETS 
| 
Finishes 


Thicknesses 
Widths 


Lengths 


U-S-S 18-8S C.03 Max. 


U'S'S 18-8FS 
U-S:S 20-10S 
U-S-S 25-12 

U'S:S 25-125 
U'S:S 25-20 

U'S:S 25-20S 
U'S:S 25-20Si 
U'S:S 18-8Mo 


| 
PLATES 


Finishes 
Thicknesses 
Widths 
Lengths 


U:S:S 18-8Mo C.03 Max. 


U:S:S 19-9Mo 
U:S:S 18-8MoCb 


U-S-S 18-8Ti 
U-S-S 18-8Cb 


ANGLES 


Finish 
Thicknesses 
Sizes 


Lengths 


BARS 


you want... 


you want... 


PRODUCTS 


—No. 1—No. 2D—No. 2B— 
No. 4—No. 6—No. 7 

—from .010" to .1874" 

—from 24" to 72" 

— up to 196" in cut lengths 
Also available in coils up to 48" 
(only in unpolished finishes) 


—HR —HRA —HRA &P —No. 4 Finish 
—.1875" and heavier 

—over 10" to 132" 

—up to 480” 


—HRA&P 

—from 4%” to 1%” 

—from 3⁄4” x 3⁄4” to 8” x 8” 
—up to 360” 


Rounds, Squares, Octagons, Hexagons 


U-S-S 12 Turbine 


U-S-S 12AL 
U-S-S 12 
U-S-S 12FM 


U-S-S 17 


Finishes 


Sizes 
Lengths 


—HR—HRA—HRA&P—CD— 
RT—CG—CG & Polished (Rounds only) 

—from 'A" to 8'4" 

— up to 360" 


SEMI -FINISHED 


Blooms — Billets 


Thicknesses 
Widths 


FLATS 


Finishes 
Thicknesses 
Widths 


Lengths 


— from 4" to 22" 
—from 4" to 22" 


—HR —HRA —HRA&P—CD 
—from 'Á" to 274" 

—from 3⁄4” to 10” 

—up to 360” 
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the size you want... 


n U-S-S Stainless Steel 


PRODUCTS 


| 
WIRE 
| Coils and Straight and Cut 


Finishes — Copper, Lead, Tin, Galvanized, Wax, 
Bright, Oil, Soap, Lime 

Sizes —from .008 to .500 

Lengths —from 12" to 22'. 


COLD-ROLLED STRIP 
Coils and Straight and Cut 


| Finishes —No. 1, No. 2 
| Thicknesses  —from .010" to .1874" 
I 


Widths —from 3⁄4” to 2315” 
Lengths —from 12" to 20' 


| 
TUBING 


Finishes —Standard Pickle, Grit No.'s 80, 120, 180, 


320 and range polishing 

O. D. Sizes — —from 94" to 9" 

Lengths —Comparable to other carbon, alloy 
cold-drawn tubing 


| 
| All these products are available in the South 


| from Tennessee Coal & Iron Division 


| and in the West from Columbia-Geneva Steel Division 


TAINLESS STEEL wire as thin as a 
hair or as thick as your thumb 
. . . Stainless Steel plates “as big as 
the side of a house" . . . Stainless 
Steel pipe and tubing in a wide range 
of analyses and in all commercial 
sizes . ... you get them from United 
States Steel. 

You have the widest possible free- 
dom in selecting the grade, shape 
and finish that fit your design and 
fabricating procedure. And we'll be 
glad to discuss the special orders that 
may go beyond the catalog range. 

Keep in mind; too, the fact that 
our mills have roll passes for an un- 
usually broad range of sections for 
special applications. New rolls can 
be cut for others if requirements 
justify the need. 

Along with this wide selection goes 
top quality when you use U. S.S 
Stainless Steel—a perfected, service- 
tested material that is made to give 
the finest performance, both in fab- 
rication and in end use. 

You also receive the assistance of 
our representatives in helping you to 
cut fabricating costs and achieve the 
best results through selection of the 
proper grade, size and finish for your 
job. 

For everything you want in Stain- 
less Steel, come to “Stainless head- 
quarters” — United States Steel. 


UNITED STATES STEEL CORPORATION, PITTSBURGH - AMERICAN STEEL & WIRE DIVISION, CLEVELAND + COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 


NATIONAL TUBE DIVISION, PITTSBURGH - TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. - UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


U-S°S STAINLESS STEEL 


SHEETS - STRIP - * STRIP - PLATES - * PIPE - TUBES - WIRE - SPECIAL SECTIONS 
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One SOUCE... for all your 


NUI equirements can be met with RESCUE CARILLOY steels 


METHODS Of MANUFACTURE STRIP SHEET 


x 
x 


Electric Furnace 


SPECIAL QUALITIES 


Drawing 
Flange ond Firebox 


Razor Blade 
Other Special 


TREATWENTS INDIVIDUAL OR COMBINED 


Quenched and Tempered 
Annealed 

Spheroidize 

Normalized 

Stress Relieved 


CONDITIONS INDIVIDUAL OR COMBINED 


Hot Rolled .----- 

Straight Lengths 
Mawes 
Flattened or Leveled 

Gas or Special Cutting 


SPECIFICATIONS REQUIREMENTS 
INDIVIDUAL OR COMBINED 


Groin Size 

Macro-Etch 
Micro-Cleonliness 
Restricted Chemicol Analysis 
Special Mechanical Tests 


Bend Tests 
AISI-Govt ~ASTM-SAE 
Special Specifications 


x X Xx X x X X x *X 





US'S 


Giance down the accompanying list 
of qualities, treatments, conditions and 
specification requirements that can be 
furnished in U-S-S CaRILLoy plate, 
sheet and strip. This is the widest selec- 
tion of flat rolled Alloy Steel products 
you can secure from any one producer. 
Our unmatched mill flexibility and size 
range enable you to order anything 
from a razor blade strip to a plate for a 
battleship. This streamlines your pur- 
chasing, assures consistent quality and 
simplifies your manufacturing prob- 


UNITED STATES STEEL CORPORATION, PITTSBURGH - 


TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. - 


Carilloy 
Steels 
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alloy steel plate, sheet and strip! 


LOY steels 


lems. Making United States Steel your 
source of supply gives you access to 
expert metallurgical assistance. 

Any time you have a metallurgical 
or fabricating problem, call in a United 
States Steel Service Metallurgist. He 
has an extensive knowledge of all types 
of Alloy Steels and can help cut costs 
by offering suggestions to assist your 
engineering and production people. 

It wil pay you to investigate our 
facilities—submit your inquiries to our 
nearest sales office, or send the coupon. 


COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 


UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW 


YORK 


United States Steel 
Room 4447, 525 William Penn Place 
Pittsburgh 30, Pa. 


[] Please send my free copy of your booklet, '*STEELS 
FOR ELEVATED TEMPERATURE SERVICE." 


[] Have your representative call. 
Name 
Company 


Address 





or Every Tool and Die Job Ü Cana 
5 Carbon-Vanadium 
There's a I — Qil- and Air-Hardening 


Bethlehem Tool Steel £T — Shock-Resisting 


Whatever your tool and die jobs may be, there's a Bethlehem tool steel Kod Hot Work 
that will give you top performance at least cost. Some are general-pur- " 


pose grades; others have properties that fit them for severe or unusual High- Speed 
operating conditions. Each is carefully processed in our tool steel mill. i 


And when you have a problem in the selection or treatment of tool steel, 


the experience of our technical staff is yours to call on. x Special š Purpose 


Made from our BTR oil-hardening tool steel, this die blanked and formed 
nearly 8 million bottle caps from tin plate before redressing was needed. 
One of our most popular general-purpose grades, BTR has good wear- 
resistance and shock-resistance. 


This progressive die pierces, blanks and forms 
parts from stainless-steel strip. The long-wearing 
punches are made from Lehigh H, our popular 
high-carbon, high-chromium steel. All other 
parts are made of A-H5, Bethlehem's 5 pct 
chromium air-hardening grade. 


Typical of Bethlehem inspection methods is the ultrasonic examination of 
tool steel billets and large bars to detect possible injurious internal defects. 


"ES TSP be LT a SO usss 


MAYARI R > WHERE DOES IT PAY TO USE 
k ALLOY STEELS? 


Generally speaking, it is advisable to use alloy steel 
E when more strength, ductility, and toughness are 
This strain clamp was x required than can be obtained in carbon steel in 
made of Mayari R be- - : the section under consideration. Alloy grades 
cause it provides high ' E. should also be used where specific properties such 
resistance to atmos- € ' ç ascorrosion-resistance,heat-resistance,and special 
pheric corrosion to- ' à low-temperature impact values are needed. 
gether with improved d In some cases it requires considerable study to 
strength and a saving ; $^ determine when and how to use a particular alloy 
in weight. y? steel to advantage in a product. Where there is any 
Every day new uses RT problem or doubt concerning its use, Bethlehem 
are found for Mayari R—Bethlehem's low-alloy, a metallurgists will gladly give impartial advice on 
high-strength steel. Mayari R has a yield point r analysis, heat-treatment, machinability, and ex- 
about 50 pct greater than structural-grade carbon EY pected results. 
steel, and from five to six times the resistance to 23 In addition to manufacturing all AISI standard 
atmospheric corrosion. It is easily formed and 2 alloy steels, this company produces other than 
readily welded, and comes in sheets, plates, struc- standard analysis steels ard the full range of 
turals, cold-formed shapes and bars. ; carbon grades. 


Makes it Lighter, Stronger, Longer Lasting 
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A WELDMENT MAY BE THE ANSWER 


The photograph shows a 60-ton stator frame for a turbo-generator, 
made in the Bethlehem Weldment Shop. 

Bethlehem weldments eliminate excess weight without sacrifice 
of rigidity, and serve either as simple parts or as units of intricate 
assemblies. They can be used either alone or in combination with 
forgings or castings. Bethlehem weldments offer wide freedom of 
design as the steel can be bent, pressed or shaped prior to welding 
without harm to its physical structure. 


TTL ee 
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COLD-FORMED SHAPES 
Solve Many a Production Problem 


Bethlehem Cold-Formed Shapes are regular or irregular shapes, 
formed cold from steel sheets, strip or plates. They have excellent, 
relatively smooth surface finish, practically free of scale and rust. 
They have a good strength-weight ratio, and are easy to weld and 
assemble. 

We make them on presses, brakes or rolls in all gages from 5 to 24. 


BRA RET TIN y we TN 
a S 
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CIRCULAR BLANKS 
Made by Forging-Rolling Process 


The unique process by which these blanks are made, combining 
forging and rolling with the attendant benefits of both, imparts a 
tough structure and homogeneity, with superior strength, often 
making possible thinner sections and a saving in weight. We 
strongly recommend Bethlehem forged-and-rolled blanks e gears, 
crane wheels, sheave wheels, flywheels, brake drums, rotors, tire 
molds and similar uses. 


M š i — 
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FORGINGS IN A WIDE RANGE 
from a Few Ounces to more than a Hundred Tons 


The Bethlehem forge shops turn out forgings ranging from among 
the smallest made, so small you can balance them on the tip of 
your finger, up to huge heavyweights of 100 tons or more. We make 
press forgings, hammer forgings, and closed die forgings—all with 
the same exacting care. Bethlehem forgings can be made in carbon 
or alloy grades, and shipped either as-forged, or rough- or finish- 
machined. 


EEE IEEE sam 
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FASTENERS 


Bethlehem Fasteners include a complete 
range of standard items such as bolts and 
nuts, rivets, spikes, clevises, turnbuckles, 
studs and threaded rods. In addition, we 
turn out a wide variety of tailor-made 
fasteners to meet special requirements. 


CUT AND FORMED SHAPES 


Made from either carbon steel or soft- 
center plate steel, these flat shapes provide 
economies in the manufacture of farm 
implements, as well as in other applica- 
tions. They reach you accurately sheared 
to pattern. There's no waste. 
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SPECIAL SECTIONS 


You can count on Bethlehem to produce 
special sections rolled to meet your exact 
requirements. 
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| Br " ri UCE | One Source 
For All Tvpes of 
METAL PARTS Metal — 
with BLUEPRINT. ACCURACY Offers 
— Real Advantage 


' A M I rics Metal Powder Headquarters provides 
| J 3 i quick means of obtaining answers 
` to right powders to use 


Regardless of the kind or type of 
Metal Powder required, a single call to 
MD (Metal Powder Headquarters) 
brings an answer to a Powder Metal- 
lurgy problem and the correct type of 
Metal Powder to meet that particular 
requirement. 

ID has pioneered many of the major 
developments in Powder Metallurgy 
and is prepared to manufacture for you 
the following metal powders, in various 
mesh sizes. They will be glad to discuss 
with you the processing of "special" 
powders needed for your requirements. 

Aluminum Powder 
Brass Powder 
Bronze Powder 
Cadmium Powder 
Copper Powder 

Iron Powder 

Lead Powder 

Nickel Powder 
Phosphor Powder 
Silver Solder Powder 


Whether you make a few parts or thousands you can often —— — 


do the job faster and at lower fabricating cost with— Tin Powder 
Titanium Powder 


Zinc Powder 


M t TA L POWD ER 5 Antimony, Bismuth, Chromium, 


Magnesium, Manganese and 
' . "ulie >, rde 
Here's Why! Powder Metallurgy is speedy and accurate. Parts may be so Silicon Powders ah 
a iii : i This one-stop service and availability 
pressed and sintered that many machinings and other production operations is yours by reason of the experience 
are eliminated or simplified. Parts can be produced to close tolerances. gained by MD through years of re- 
search and development. Today, MD 
: , is the only metal powder manufacturer 
Powder metal parts are economical. There's no waste metal. Unused powder making a complete line of Metal 
after pressing can be used again. Powders. 
MD Metal Pigments Widely Used 
- MD also manufactures Aluminum 
S AV E T I M E SAV E C o S T S — * Powders and Gold Bronze 
owders for a wide range of uses such 
MD Metal Powders are dependable because they are the result of over as product finishing both metal and 
35 years of research and manufacture by MD, the pioneer in metal powder plastics, metallic inks, etc. The decora- 
development tion of many parts can be greatly en- 
pmen. hanced with the use of such Metal 
Consult MD for thoroughly experienced advice Pigments. Aluminum pigmented paints 
d f ^ ifi are recognized for their outstanding 
end names of recognized qualified molders. protective qualities and can be used for 
priming as well as finish coats. 


METALS DISINTEGRATING COMPANY, INC. MD Oldest Shot and Grit 


Manufacturer 
Elizabeth B + New Jerse Y The Harrison Abrasive Division of 


: Plonts: MD is the pioneer manufacturer of 
š ; Elizabeth, N. J.: Manchester, N. H.: Shot and Grit in this country. Harrison 
METAL POWDERS — — — “Chilled” Shot and Harrison Diamond 
š Berkeley, Colif.; Emeryville, Colif. Grit are widely used in the metal trades 
METAL PIGMENTS for — of casti, forgings and 
š: many metal parts. The new Harrison 
METAL ABRASIVES L/D Cut-Wire Shot meets the require- 
° . "— for cleaning and peening of 

ea s meta ts. 
SUBSIDIARY OF AMERICAN-MARIETTA COMPANY Wawa Technical Bulletins are 


available on request. 


RER OF FINELY DIVIDEO METALS 
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Superior skill lies behind the wizardry 
of the fly rod expert. But, he pays very 
close attention to the materials from 
which his rods, reels, lines, and flies are 
made. He is very exacting in his specifi- 
cation of materials that will provide the 
precise balances, weights, and flexibility 
his art requires. 

The fly rod expert makes sure that 
his materials are working for him and 
with him. 


2 


Add this Spee to 
Your Blueorints 
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You ca 
me n depend upon J&L 


QUT ( 
It Works for yo 


| ELECTR ICw 
rom J&L steel of carefull 


U and with you! 


Y controlled quality 


* 

All standa 

^H Standard len 
Jor tubular p Eg" diameters 


. . Wall thicknesses 
NEED TECH 


N 
Metallurgists c o ES 


s STANCE "2n 


STEEL CORPORATION -— Pittsburgh 





ELD TUB. 


: It’s made 


E REVERE wx 


COPPER 

COPPER ALLOYS 

ALUMINUM ALLOYS 
ELECTRIC WELDED STEEL TUBE 





These are freely available now, so that designers have full 
freedom to choose the materials that best meet their desires. 


WORKABILITY. Revere Metals can be easily fabricated. 


PLATING. Copper and Brass are noteworthy for the ease and 
economy with which they can be plated with nickel, chromium, 
silver, gold, end other metals. Special plating tempers and 
finishes are available if indicated. Steel Tube is also quickly 
plated. 


COLOR. You have a wide choice, from the whiteness of nickel 
silver and aluminum to the yellows of the brasses, and the red of 
copper. Aluminum may be anodized to show almost any color. 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 
Mills: Baltimore, Md.; Chicago and Clinton, Ill; Detroit, Mich.; 


Los Angeles and Riverside, Calif.; New Bedford, Mass.; Rome, 
N.Y. Sales Offices in Principal Cities, Distributors Everywhere 


FORMS. Revere produces sheet, strip, plate; rod and bar; tube 
and pipe; extruded shapes; forgings; rolled mouldings; lockseam 
tube. 





TECHNICAL COLLABORATION. The Revere Technical Advisory 
Service collaborates on fabrication problems of all kinds, and 


has saved important sums for many customers. See the nearest 
Revere Sales Office. | 
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TRUFLEX THERMOSTAT METALS COMPOSITE METALS ALCUPLATE 
TRUFLEX thermostat metals are manufactured in Available in practically any combination of precious to Copper-clad aluminum for component cases of 
a wide variety of types, each with a different re- recious, precious to base or base to base metals. Com- cans, chassis, cooling fins, etc., light weight, 
action to temperature. Uniformity of metal insures inations for electronics include aluminum-clad iron, excellent conductivity. Copper surface is ideal for 
accurate and consistent performance. Precision nickel-clad iron for anode materials. soft soldering and — * 


parts fabricated to exact specifications. 





COMPOSITE CONTACT MATERIAL COMPOSITE CONTACTS WAVE GUIDE and COLLECTOR RINGS 
Precious metals and alloys bonded to base metals General Plate can supply all types of fabricated composite RECTANGULAR WAVE GUIDES. Solid silver, 
available in poo types — question. single and contacts, buttons, rivets, contact assemblies made to silver lined brass or aluminum. Sizes to govern- 
double edgelay, single and double inlay, Top-lay, customer's specifications. These contacts give electrical ment specifications. $ 
ready for you to fabricate into contacts. conductivity and long life at reduced costs. COLLECTOR RINGS. Solid silver or precious 


metal on base metal. All sizes. 


mA 


that solve your Design Problems 


2 * Alfer, Alnifer X, Nifer & Aluminum and Nickel-clad 
General Plate Composite Metals, made by metallurgically bonding steel for anode plates. 


one metal to another, are available in sheet, strip, tubing or wire in various 


Alcuplate® — Copper-clad aluminum for component 





widths, thicknesses and diameters. cases, chassis, cooling fins, condenser blades, etc 
: : 3 " * Alsiplate&) — Silver-clad aluminum for lightweight 
Silver, gold and platinum-group metals bonded on base metals give solid — —4 etc. 1 
precious metal performance at a fraction of the cost of solid precious metal. T—————— ÁÉ— 
The precious metal provides specific performance requirements such as strength and longer life at reduced cost. 
electrical conductivity and corrosion resistance while the base metal pro- © Collector Rings — Fabricated from solid precious metals 


vides workability, strength, and solderability. or precious-clad base metals. Sizes ranging from frac 
tion of an inch to few feet in diameter. 
Composite base metals provide a new group of engineering metals with © Truflex® Thermostat Metal — Sheet strip, formed ele 
properties not available in solid metals. Their use frequently results in ments and assemblies produced to specification 
lower material costs as compared to solid metals. * Thin Geuge Metals — Beryllium copper, nickel, pure 


á s " beryllium, Haynes Stellite alloys, etc. 
In many electronic applications further economy results when General 


. . : * Platinum-Group Metals — Sheet, wire, tubing, parts of 
Plate supplies fabricated parts ready for assembly into your product. Gen- all types. Complete assay and refining facilities for 
eral Plate makes an infinite variety of fabricated parts, such as electrical platinum-group metals. 
contacts, collector rings and TRUFLEX thermostat metal parts to cus- * Silver and Gold Brazing Alloys — Available as sheet 
tomer’s exact specifications wire, powder and fabricated parts. 
° à h € Bondwich — Solder-clad brazing shim for carbide 
General Plate Engineers will gladly help you with your problems. tipped tools. 


€ Bronco — Phosphor Bronze-clad copper for high co« 


METALS & CONTROLS CORPORATION ductive springs. | 
GENERAL PLATE DIVISION € Confiex — Copper-clad spring steel for electrical and 


thermal conductive springs at low cost. 
400 FOREST STREET p 
ATTLEBORO, MASSACHUSETTS 


© }720 Manganese Age-Hardening Alloy — Corrosion re- 
sistant spring material fer diaphragms, springs, nper 
stock, etc. 










© Rectangular Wave Guide Tubing — Wide ra=ge of sizes 
to government specifications. 


Write for catalog PR700. 


Ihe Properties 


No other metal combines all the properties of 
Straits Tin. No other metal can do so many 
different kinds of jobs so economically and 
so well. 


Because it is corrosion-resistant, nontoxic and 
tasteless, tin is a perfect metal for the packaging 
of food. Today more than 400 different food 
products come in tin cans. Currently, more than 
half of the tin for these cans is Straits Tin 
from Malaya. 


Because it wets metals readily, flows easily, 
adheres firmly, and has a relatively low melting 
point (450°F.), tin is the key component of sol- 
der. And tin-rich solders are the best and most 
efficient means for making corrosion-resistant, 
impermeable, electrically conductive joints at 
low temperatures. 


A unique combination of properties makes 
Straits Tin a particularly useful component of 
bronzes. Tin hardens and strengthens copper 
twice as effectively as zinc, and provides much 
better resistance to corrosion. 

Because of its antifriction qualities, resistance 
to corrosion, conformability, and good em- 
bedding characteristics, tin is invaluable in 
bearing metals. Without tin-base or tin alloy 


MALAYAN 


A new booklet, “Straits Tin: A Most Useful Metal for Ameri- 


of Straits "in 


bearings, the wheels of industry could not turn 
so smoothly and efficiently. 


And Straits Tin is not only one of our most 
useful metals. It is now fast becoming one of 
our most valued chemicals. Tin in chemical 
compounds — stabilizers, opacifiers, antioxi- 
dants, preservatives — is contributing greatly 
in the competitive race for improvement in 
products from plastics and the new chlorinated 
rubber paints to ceramics, sensitized paper — 
now even jute bags. 


Take a New Look at Straits Tin 
Over one-third of the world’s tin is mined and 
smelted in Malaya. Known as Straits Tin, this 
metal is over 99.87% pure, and is world-famous 
for its absolute reliability of grade. 


Today new uses for Straits Tin are making 
it more valuable than ever to American indus- 
try. And continuing research will, in the near 
future, find still more ways in which Straits Tin 
can serve you. Whether you're planning a new 
product, improving an old one, or seeking ways 
to avoid the squeeze between rising costs and 
resistance to higher product prices, a careful 
reappraisal of the properties of Straits Tin may 
uncover a profitable answer to your problem. 


STRAITS TIN, 


can Industry,” tells a factual and intriguing story of the many 


new ways tin can be used today. A copy is yours for the asking. 


THE MALAYAN TIN BUREAU 


Dept. 465, 1028 Connecticut Ave., Washington 6, D.C. 
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Niche Stuer + Phosphor Srouze 


Below is a table from which you can conveniently order the 
two principal Seymour Alloys by number. To designers and 
production engineers interested in reducing costs, improving 
quality and increasing product acceptance, new catalogs on 
Seymour Nickel Silver and Phosphor Bronze will be sent 
promptly. For immediate needs, phone or write any Seymour 
Representative or Distributor. 


ALLOY NO. COMPOSITION PERCENT 


NICKEL SILVER NICKEL COPPER ZINC LEAD 


18A1 Fo. [p 4 3 


18A4 | a8 | 55 27 
18X1 L 43-4 € HT 3 
15A 15 | 65 20 
15X1 15 61 | 23 
12A1 12 65 23 
12X1 12 | e 26 
12X2 AN. 61 25 
10A7 — IL A 1 
10X1 — 0672 DL 28 
10X2 PW 61 27 
5A1 BEF 68 27 


| PHOSPHOR BRONZE 
| 950 | 
| 494 | 

928 

910 

444 





WE ALSO MANUFACTURE 


o Bright Nickel » Welding Rode 


DISTRIBUTORS (Mill Products) DIST IBUTOR$ IAnodap. 


Eaton Chemica yestult 
The Corey Steel Company REPRESENTATIVES 1490 Franklin St., Detroit, d. 


2800 South 61st Court, Cicero 50, III. New York Office Crown Rheostat & Supply Co. 
647 W. Virginia St., Milwaukee 2, Wis. H. S. Samson, Mgr. 3465 N. Kimball Ave., Chicago, Ill. 
119 S. Emerson St., Indianapolis 19, Ind. 122 E. 42d St., New York 17, N. Y. Munning & Munning, Inc. 

736 Federal St., Davenport, lowa Telephone OXford 7-2390 202-208 Emmett Ave., Newark 5, N. J. 


1113 Beale St., South Bend 16, Ind. , W. M. Fotheringham 
Northwestern Bank Bldg., Minneapolis, Minn. Providence, R. 1. 977-81 Niagara St., Buffalo 13, N. Y. 


Geo. M. Crawford Enthone, Inc. 
Williams & Company, Inc. Box 418, Providence 1, R. I. 442 Elm St., New Haven, Conn. 
3231 Fredonia Ave., Cincinnati 19, Ohio Telephone REgent 7-5458 The Gilbert Tramer Co. 
— 1217 Main Ave., Cleveland 13, Ohio 

3700 Perkins Ave., Cleveland 14, Ohio : 
illi I hi Bart-Messing Corp. 

851 Williams Ave., Co vmbus 12, Ohio NONFERROUS ALLOYS 229 Main St., Belleville 9, N. J. 
901 Pennsylvania Ave., Pittsburgh 12, Pa. Smith Chemical & Supply Co. 


650 Woodruff Ave., Toledo 2, Ohio SINCE 1878 70 Clifford St., Providence 3, R. I. 


THE SEYMOUR MANUFACTURING COMPANY * SEYMOUR, CONNECTICUT, U.S.A. 


SEYMOUR 
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TUBING 


SEAMLESS AND WELDED 


for all pressure and mechanical uses 


CHEMICAL 


AIRCRAFT 


TYPES: Seamless—hot-finished, cold-drawn, or roto-rocked 
Welded—from hot-rolled or cold-rolled strip 


SHAPES: Round, square, rectangular, oval, or other shapes 


GRADES: Stainless Steels—B&W Croloys 12 to 27 
Intermediate Chrome Molybdenum Alloys—B&W Croloys !/ to 9 
SAE-AISI Alloys and Nitralloy Steels 
Nickel Steels—B&W Nicloys 315, 5, and 9 
Carbon Molybdenum Steels—in various grades 
Carbon Steels—in various grades 


SIZE RANGE: Up to 95 inches outside diameter in a wide range of wall thicknesses. 


SURFACE FINISHES: As rolled, as drawn, as welded, flash removed, turned, scale-free 
and polished. 


SPECIFICATIONS: Made to any of the standard specifications such as those of the 
ASTM and U. S. Government. 


QUALITY: Open-hearth and electric-furnace steels, including aircraft and magnaflux 
qualities. 
CONDITION: Unannealed, annealed, tempered, normalized, or otherwise heat-treated 
as required. 
FABRICATION: Upsetting, swaging, expanding, bending, safe-ending, and machining. 


THE BABCOCK & WILCOX COMPANY 


TUBULAR PRODUCTS DIVISION 
Beaver Falls, Pa.—Seamiess Tubing; Welded Stainless Steel Tubing 
A Ohio—Welded Carbon Steel Tubing 


TA-4064(G) lliance, 
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IN THE DESIGN and building of the products shown here, 
GM Steel Tubing plays an important part—either for the 
passage of liquids or gases, or as part of the mechanical structure. 
And these are but a few of the thousands of manufactured items 
that use low-cost steel tubing in place of more expensive materials. 
Examine your own requirements! You, too, may find you can 
improve design, speed production, and cut costs with “The Tube Line 
That Rates a Buy-Line”— GM Steel Tubing! 


SEE SWEET'S 
PRODUCT 
DESIGN FILE la SEND FOR BROCHURE 
Ro This new, illustrated, fact-packed bro- 
chure tells how GM Steel Tubing can 
E help solve design and production prob- 
J lems. Send today for your free copy. 


P 


ROCHESTER PRODUCTS 


STEELTUBING DIVISION OF GENERAL MOTORS, Rochester, N. Y., U.S.A. 


ALSO MANUFACTURERS OF ROCHESTER CARBURETORS AND ROCHESTER CIGAR LIGHTERS 
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ENDURO BRIGHTWORK... 
gets them all talking SALES 


People are favorably impressed by well-chosen ENDURO Stainless Steel brightwork. 


It's an unmistakable sign of top quality in a manufactured product. It's a point 
to talk about as another reason for choosing your line. 


And, there's no reason why your products shouldn't have this sales advantage 
now. You and your suppliers can fabricate ENDURO Stainless Steel on your present 
equipment with little or no change in procedures. There’s no plating, painting 
or other finishing needed. As compared with forming, then cleaning, then 
plating, then polishing; cost is very attractive. 


With ENDURO, you have brightwork that stays bright. It resists rust and cor- 
rosion, doesn’t tarnish. It has no plating to chip, peel or flake. It’s superbly easy 
to clean and to keep clean. It stays bright for the life of the product. 


When your sales staff can point out to distributors and jobbers that your bright- 
work is genuine ENDURO Stainless Steel . . . when distributors can tell dealers 
. .. when dealers can tell their customers . . . and housewives can tell one another 

. . then you've got them all talking sales! Republic will help you choose 
proper ENDURO Types and fabricating procedures. Write: 


REPUBLIC STEEL CORPORATION 


Alloy Steel Division + Massillon, Ohio 
GENERAL OFFICES ^ CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, N. Y. 


Other Republic Products include Carbon and Alloy Steels — Pipe, Sheets, Strip, Plates, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 
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Brass and Bronze Free-Cutting Rods Brass and Bronze Forgings 


® 


Furnished in all sizes 


from V" for smoll- 


diameter rods up to 
10” for cast and 
turned rounds. The 
most easily-machined 
of all metals and 
From % or. to 100 Ibs. in weight. Produced to meet requirements 


alloys. 
of uniform dimensions, finish and physical properties 





Brass Pressure Die Castings 


Squares, hexagons, 
half rounds, half ovals, 
ond special shapes. 
Extruded-only rec- 
tangles furnished up 
to 5!4" maximum di- 


agonal. Extruded, 
drawn, machine- 
straightened hexagons 
up to 4”, rectangles Parts having thin sections and intricate cor 
up to 3'4" maximum 


d i duced. Titan die castings have better finis 
iagonal. 


greater accuracy than sand castings 








Tifan Brass and Bronze Products 


š Bronze Welding Rods 





\ ` i 
f ‘WAW n 
$ V c W.A \ | Eight different type 
: LY \ i WAQ meet oll require 
2 v 


N inu y Double Deoxidatio 
, x A | ! process qssures ductile, 
|| y Y | NM j high-siveseth, nen 
| NAN NW 


l ç 
À | 
— iW M y porous welds with the 
N \ 


oxyacetylene torch 


Titen brass and bronze 


products are supplied in 


analyses to meet every 
i requirement. Write for 
descriptive catalogs. " P 
Brass Cold Heading Wire 
tan ^ Tof en, bo 
facture of rivets, bolts, 


METAL MANUFACTURING COMPANY 


Bellefonte, Pa. Offices and Agencies in Principal Cities 





screws, fasteners, efc 





CONSIDE 


LIGHT, STRONG AND CORROSION-RESISTANT 


IF YOU DESIGN, MAKE OR USE: 


@ AIRCRAFT PARTS—cowlings, ducts, structural 
parts, fire walls, power plant components, fas- 
tenings and fittings. 


@ MARINE EQUIPMENT— condensers, heat ex- 
changers, mufflers, metering equipment, valves, 
pumps, trim and hardware. 


EGIN planning now to improve your present and 

future products with the many advantages of tita- 
nium and titanium alloys. Made from titanium sponge — 
pioneered commercially by Du Pont—these new ma- 
terials of construction have very high strength to weight 
ratios . . . excellent corrosion resistance and greater 
ability to stand elevated temperatures than aluminum 
or magnesium. 


Start your own evaluation tests now and be prepared 
for the day when titanium is available for expanded 
civilian use. Although Du Pont is a prime producer of 


€ INDUSTRIAL EQUIPMENT—textile shuttles, 
spindles, chemical processing, refinery equipment, 
instrument parts, food processing and handling. 


€ FERROUS & NON-FERROUS ALLOYS which 


require a grain refiner, hardening agent, carbon 
stabilizer. 


titanium metal in sponge form only, we can recommend 
manufacturers who may be able to supply fabricated 
and semi-fabricated forms of titanium and titanium 
alloys for commercial evaluation. 


As a pioneer in the field we are in a unique position to 
supply you with valuable information on properties, 
applications and processing of this new structural ma- 
terial. Just let us know what applications for titanium 
you have in mind. Call or write: E. I. du Pont de 
Nemours & Co. (Inc.), Pigments Department, Wilming- 
ton 98, Delaware. 


TITANIUM SPONGE 


REG. U.S. paT. OFF. 


PIONEERED COMMERCIALLY BY DU PONT 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 





— 


` ` » 
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rr 


v 


...lo0k into 
this bookfull 


— i 
Sandvik’s catalog gives thickness width, Sandvik's wide range of sizes and gtades gives you a better chance 
hardness, types of edges and weight in of getting a steel that fits your application "like a glove". 


pounds per bundred feet. Also includes qo et. 
useful reference tables ...W eights of Strip You see, Sandvik’s Catalog is literally a bookfull of answers to 


Steel, Comparative Table of Wire Gauges, specialized steel requirements. It lists hundreds of sizes in various 
Numerical Conversion Tables, Hardness analyses of both cold rolled and bright annealed steels and hardened 
Conversion Tables and a Temperature and tempered steels. Take a look. You can probably put your finger 
Conversion Table: on the size, finish and physical performance that’s exactly right 
for you. 
Sandvik Swedish specialty strip steels are available: 


SANDVIK SWEDISH SPECIALTY in specialized analyses for specific applications. 
Precision-rolled in thicknesses to fit your requirements. 

SPRING STEELS ARE USED FOR In straight carbon and alloy grades. 

i š ] Annealed, unannealed or hardened and tempered. 
Textile Machine Parts such as sinkers, Polished bright, yellow or blue. 
needles, etc. * Band Saws (metal, wood With square, round or dressed edges. 
and butcher) * Camera Shutters * Clock Wide range of sizes in stock—also slitting facilities available. 
and Watch Springs * Compressor Valves * Have the Sandvik catalog handy for present or future refer- 


Doctor Blades * Feeler Gauges * Knives ence. A brief note on your letterbead, will bring you your compli- 
such as cigarette knives, surgical instru- mentary copy. 

ments, etc. : Razor Blades ° Reeds ° SANDVIK STEEL, INC. 

Shock Absorbers * A Wide Variety of 111 EIGHTH AVE, NEW YORK 11, N. Y. WAtkins 9-7180 


Springs * Trowels * Vibrator Reeds * 230 N. Michigan Ave., Chicago 1, Iil., FRanklin 2-5638 
Piston Ring Segment and Expanders, etc. 1736 Columbus Rd., Cleveland 13, Ohio, CHerry 1-2303 
3609 E. Olympic Bivd., Los Angeles 23, Cal., ANgelus 3-6761 
$5-102 SANDVIK CANADIAN LTD., P. O. Drawer 430, Station O, Montreal 9, P. Q. 
SANDSTEEL SPRING DIVISION © New York * Industrial Springs 
SANDVIK SAW & TOOL DIVISION * Mew York * Saws and Tools 
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Somewhere in your setup, there's a spot where one of our 
special alloy steel products (stainless or heat-resistant, 
tool or electrical) can'be used to gain you a real advan- 
tage. Right now! It might come from reduced production, 
maintenance or depreciation costs. Or it might come from 
increased sales appeal: gaining an edge on competition 
in beauty, strength, service life or performance. The 
WRITE TODAY advantage is there—and our Research and Engineering 
Staffs are ready to help you find it. Allegheny Ludlum 


For These Publications Steel Corporation, Oliver Building, Pittsburgh 22, Pa. 
1. SPECIAL STEELS FOR INDUSTRY 
16 pages of essential data on the proper 
selection and application of principal AL 
special alloy products: stainless, tool and 


electrical steels and sintered carbides PIONEERING on the Horizons of Steel 


2. PUBLICATION LIST . . . a complete 


listing of all AL publications, both technical 
and non-technical (over 100 in all), with a 
handy order form for your convenience. e en um LEADING propuct® 
S 
ADDRESS DEPT. PE-57 OM ALLOY STEÉ' 


WAD 5144-B 


Stocks of Allegheny Stainless carried by all Ryerson Steel warehouses 
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You can design light weight, longer life, and 
economy into your products by including 
N-A-X HIGH-TENSILE in your plans. 


It is 50% stronger than mild steel. 

It is considerably more resistant to corrosion. 
It has greater paint adhesion with less under- 
coat corrosion. 

It has high fatigue life with great toughness. 
It has greater resistance to abrasion or wear. 
It is readily and easily welded by any process. 
It polishes to a high lustre at minimum cost. 


And with all these physical advantages over 
mild carbon steel—it can be cold formed as 
readily into the most difficult shaped stamping. 


Sound like something for you? Ask for full 
facts and think of N-A-X HIGH-TENSILE when 
you re-design. 


GREAT LAKES STEEL CORPORATION 


N-A-X Alloy Division Ecorse, Detroit 29, Michigan 


NATIONAL STEEL lie CORPORATION 


Yu 


HIGH-TENSILE STEEL 
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WHERE UNIFORMITY COUNTS 


—* 


In a marching line, uniformity and precision are mandatory. vet - ES m 
Just as they are in alloys, selected for specific application in a 


wide range of manufacturing. 


Riverside Alloys are uniform within the narrowest of limits. j RIVERSIDE 


Get them in sheet, strip, rod, wire, blanks, circles...in phos- 
ALLOYS 


phor bronze, nickel silver, cupro nickel, and beryllium copper. 


Let our metallurgists huddle with yours. Write for the River- 
side Handbook. Riverside Alloys are Industry’s Allies. The 


a ' " x ë : ° ° n PHOR BRONZE d NICKEL SILVER 
Riverside Metal Company, Riverside, N.J. Branches in princi- 


: BERYLLIUM COPPER 
pal cities, 


Your reference 
Í bs — z j He and guide to Al- 

loy specifications. 

Write today. 


E NY [ ` Free pocket-size 
NV | — - Alloy Handbook. 
p W Š / | fees 
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HAYNES 


TRADE-MARK 


Alloys 
Combat 


WEAR... 
HEAT. °. 
CORROSION 


For descriptive literature on 
any of the Haynes alloy prod- 
ucts mentioned, or on-the-job 
help in solving your problems 
of wear, heat, or corrosion, 
write or phone the nearest 
District Office. 


HAYNES 


TRADE-MARK 


10 Years’ Service —Wire-straightening 
rolls cast from HavwEs SrELLITE alloy are 
still in good shape after 10 years of service, 
despite severe abrasion. Steel rolls wore 
out every three or four months. 


Resist 1800°F.— Used for pack annealing 
metal parts, the steel container at the left 
disintegrated in 20 hours. The Muttimet 
alloy container (right) stood up for 27$ 
years and was still good for more of this 
tough service, 


\ 


a Be 
4 to 1 Life in Hot H,SO,—Hasretioy 


alloy paddles show no loss in cross section 
after carrying steel tubing in and out of a 
pickling solution for over a year. Other 
materials failed in less than three months. 


Saves $10,000 a Year—One steel com- 
jaany saves $10,000 a year in down time 
by hard-facing tong bits with Haynes 
STELLITE alloy No. 6. Steel bits last one hour; 
hard-faced bits last up to 50 hours. 


Produce 300,000 Pieces — These forz 
ing rolls, hard-faced with HasrELLoY allov 
C, produce five times as many brake shoe 
keys as unprotected steel rolls. The rolls 
reach a temperature of 900 deg. F., and 
the work 1700 deg. F. 


Corrosion Rate Only 0.007 in. per yr. 
This pickling assembly, made from 
HasrELLoY alloy B plate, operates In an ag 
itated, heated solution of sulphuric acid. Cor 


l ) 


rosion rate is only 0.002 to 0.007 in. per year. 


Haynes Stellite Company 


A Division of 


Union Carbide and Carbon Corporation 


General Offices and Works, Kokomo, Indiana 


Sales Offices 


Chicago — Cleveland — Detroit — Houston 
Los Angeles — New York —5San Francisco—Tulsa 


"Haynes," "Hoynes Stellite," "Hastelloy," and "Multimet" are trade-marks of Union 


Carbide and Carbon Corporation. 
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Special shapes of Carpenter Stainless Tubing 
offer many advantages for improving prod- 
uct efficiency and appearance, reducing your 
tooling and production costs. 


You can specify 
Carpenter Stainless 

Tubing for any equip- 

ment parts with confidence 

of getting the uniform qual- 
ities essential for time-saving 
fabrication and long, depend- 
able service. 


All parts of this blower unit are made of Carpenter 
Stainless No. 20 for super corrosion resistance to 
severe vapor conditions in a chemical plant. This 
super alloy gives greater freedom from corrosion 
troubles in equipment subjected to sulphuric acid 
and many other strong corrodents. 


Design for Better Products and Parts 
with /arpenter Stainless Tubing! 


Hollow structural parts and functional components 
made of Carpenter Stainless Tubing give your products 
"plus" qualities that pay off for you and your customers 
in better performance, trouble-free fabrication, lower 
maintenance costs, and extended service life. You get 
more than corrosion resistance when you specify 
"Carpenter" —all of the inherent advantages of stainless 
plus the consistent uniformity of analysis, tolerances, 
working properties, surfaces, and dimensional accuracy 
that fulfill your requirements to your best advantage. 

Consult your nearest Carpenter representative for 
time-saving assistance in matching stainless tubing to 
your new designs . . . getting the tubing you need when 
you need it from our nation-wide distributors' stocks, 
or direct from our mill. Would you like these free design 


B60 


helps now? — Condensed Technical Data Bulletin, 
Carpenter Stainless No. 20 Bulletin, Heat Exchanger 
Slide Chart, Bending & Coiling Slide Chart. 

The Carpenter Steel Company, Alloy Tube Division, Union, N. J. 


Export Dept.: The Carpenter Stee! Co., Port Washington, N. Y.—‘'CARSTEELCO 
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Stainless Tubing & Pipe 
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RESISTANCE TO SCALING 


9 
10 
1 
ed 


MACHINABILITY 


NOW! 


HERE'S THE 
ANSWER 
pea EZISTAL 
ACCURATE STAINLESS STEEL 
LECTOR 


NOMINAL COMPOSITION 


SELECTION 
OF STAINLESS 
STEELS 


Eam EE i 


The answer to most of your questions about stainless HOW THE SELECTOR WORKS: 


steels are right at your finger tips, when you use Crucible’s wi l S i dnce 
unique new Stainless Steel Selector. — — — — 

Want to know the machinability characteristics of a set the slide at the proper index number shown 
stainless grade? Resistance to corrosion or scaling? Physi- on the Selector (in this case on the back), and 
cal or mechanical properties? You can get the answers to you have the answer in a second — grades 302 and 
these and other questions simply by setting the arrow on 316 are fully resistant to this form of attack. 
the Selector slide at the proper window. It's just as quick 
and easy as that. 

And almost as fast as you get the answer, you can get 
the steel you need. For many of the REZISTAL stainless 
steels shown on the Selector are carried in stock in 
Crucible warehouses conveniently located throughout the Nome. — 
country. 

To get your free copy just fill in and mail the coupon. 
Better do it now. 


Crucible Steel Company of America 
Dept. PE-1, Henry W. Oliver Building 
Pittsburgh, Pa. 


Company 


first name in special purpose steels 


54 yens 2; stelnar STAINLESS STEELS 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


REX HIGH SPEED * TOOL * REZISTAL STAINLESS * MAX-EL * ALLOY * SPECIAL PURPOSE STEELS 
Product Engineering — 1955 Annual Handbook B6i 





Catalogs. 
and 


cm z Bulleti 
aa : ; ; I| Request additional information using 
w i — ~ + postcards following page 24 


eee | (N-1) BRASS & BRONZE CAST- 

RUIN WH 3l | INGS—Pressco Casting & Mfg. Corp., 

XOU, aii OF Bulletin, 12 pp. Has data on the de- 

means BEN F e M | signs, size limitations, alloys, tolerances 


and general information on brass and 
bronze. pressure, gravity and centrifu- 
gal die castings. Gives all physical 
properties of castings made from vari- 
ous alloys. 


(N-2) PRECIOUS METALS— Baker 
& Co., Inc., Bulletin 4376-10-653, 36 
| pp. Explains how precious metals, 
|such as platinum, paladium, iridium, 
| rhodium, osmium, ruthenium, gold and 
| silver, are used in various industrial 
| felds. Has illustrations of types of 
products made and departments of the 
research foundation. 





| (N-3) INVESTMENT CASTINGS 
| —Vascoloy-Ramet Corp., Booklet, VR- 
| 470, 8 pp. Gives some typical small 
parts problems of intricate form, wear 


— resistance, corrosion resistance, heat 


` < e, vx | resistance and oxidation resistance, and 

| Y shows how these problems are solved 

— — | NA LO | by the investment casting process. Also 
| illustrates parts requiring non-machin- 

Q | able materials that can be investment 


* Zinc alloyed with copper and magnesium to meet your temper needs. | cast. Facilities in engineering services 


available are outlined. 
THINK Rust means early ruin for thousands of products—un- 


necessarily! Why use material that rusts when Zinaloy* |(N-4) HIGH STRENGTH STEEL 


ts so little, adds so much to product value, sales a | a i 
aaa Available in the temper w need, easily s d —Bethlehem Steel Co. Catalog 355, 
durable, and positively rust-proof, Zinaloy* is easily 66 pp. Describes the properties and 
finished, attractive unfinished. For a dramatic product features of Mayari-R steels and their 
improvement, for a new sales feature, use Zinaloy*. advantages in the manufacture and 
wear and corrosion-resistant properties 
in industrial equipment and equipment 
for the construction industry; in 
M & H Zinc and Zinaloy is n bridges; pipe; and in mining, transpor- 
etit ia chosb aad esih; tation, and marine construction. Con- 
tains many drawings showing the cold 
form shapes and many illustrations. 
Also has a number of graphs and 
charts, plus pictures of corrosion test 
specimens, showing characteristics. 





MATTHIESSEN & HEGELER ZINC COMPANY 
General Offices & Works—LaSalle 11, Ilinois 
Eastern Sales Offices: 3415 Woolworth Bidg., New York 
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WELDING & METALLIZING WIRE 
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Alloy Wire, 
Rod and 
Swipe... 


Design Engineers are taking advan- 
tage of the outstanding mechanical 
and electrical properties and excel- 
lent formability of Alloy Wire, Rod 
and Strip. Results: Better products, 
smaller and lighter products, prod- 
ucts that are more corrosion-resistant, 
more heat-resistant, more attractive 
—and more economical. 

Alloy Metal Wire Division can 
supply you with high quality wire, 
rod and strip in Stainless Steels, 
Nickel Alloys and Electrical Resist- 
ance Alloys. Why not put these ver- 
satile materials to work for you? 


SEND 
FOR FREE 
HANDBOOKS 
TODAY 


FOR A BETTER DESIGN... 
Use Wire, Rod, & Strip 


FOR BETTER PRODUCT 
PERFORMANCE... Use Alloys 


Among the alloys we fabricate, you wil! surely 
find one with just the right combination of 
properties for your specific application. And 
you can profit from the fabrication advantages 
and material cost and weight savings of wire, 
rod and strip parts and assembiies. Select 
the alloy you need from these three functional 
groups: 


STAINLESS STEELS — 


Alloy Metal Wire Division can provide you with 
more than 20 different grades of stainless 
steels. These include the chromium-nickel 
Austenitic grades with their outstanding cor- 
rcsion resistance and good mechanical proper- 
ties; the high chromium: Ferritic grades with 
their high heat resistance, corrosion resistance, 
and outstanding cold working properties; and 
the lower chromium Mar:ensitic grades which 
can be heat treated to obtain exceptionally 
high strength and hardness in addition to 
good resistance to corrosion and high tem- 
peratures. Stainless steel Wire, Rod. and Strip 
are used extensively for high strength and 
corrosion-resistant fasteners, springs and me- 
chanical parts and for welding wire, woven 
and knitted wire parts, and many other ap- 
plications. 


NICKEL ALLOYS — 


A wide variety of Nickel alloys are also avail- 
able for hundreds of electrical and mechanical 
applications. The excellent electrical charac- 
teristics of nickel are especially advantageous 
for electronic tube parts, such as grids, cath- 
odes, support rods and pins. Monel, because 
of its excellent corrosion resistance and good 
mechanical properties, is also used for many 
mechanical parts, fasteners and springs. 

Inconel provides the valuable combination 
of outstanding heat resistance, corrosion re- 
sistance and high strength required in many 
applications. 


RESISTANCE ALLOYS — 


Five grades of electrical resistance alloys are 
now in production in wire, rod and strip form. 
These are: Alray A—20 Cr, 80Ni; Alray C—15 Cr, 
62Ni, bal Fe; Alray D—18 Cr, 35Ni, bal Fe; 
Excelsior—45 Ni, 55 Qu; and Ni—Fe alloys. 

These high quality alloys find extensive ap- 
plications in the electrical and electronic 
fields. 


SPECIAL WIRE SHAPES — 


You can cut costs and improve. product per- 
formance with Alloy Metal's Special Shaped 
Wire. Almost any cross-sectional shape car, 
be made on our wire drawing equipment. These 
shapes can save you tons o. metal and many 
hours of machining time. Shaped wire can be 
held to close tolerances and has a smooth, 
tough, flaw-free surface. 


ALLOY METAL WIRE DIVISION 
H. K. PORTER COMPANY, INC. 


of Pittsburgh 


PROSPECT PARK, PENNSYLVANIA 
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How much 
does the best 
BEARING 


METAL 
cost ? 


BEARIUM METAL, once 

it is put to work, actu- 

ally costs less than or- 

dinary bearing materials. The savings it effects in main- 
tenance costs alone (preventing costly equipment break- 
downs) more than offset the slight initial price differ- 
ential. Proof can be found in hundreds of varied applica- 
tions as testified in letters received from many satisfied 
users. Here are excerpts from two such letters— 


The secre! of BEARIUM 
METAL'S superiority is 
due to the uniform dis- 
tribution of microscopic 
lead particles within the 
copper-tin grains rather 
than between the grain 
boundories—as illus- 
trated by these two 
photomicrographs 


Bearium Metal Ordinary leaded bronze 


FEATURES: Non-Seizing and Non-Scor- 


ing * Long-Wearing * Self-Lubricating 
BEARIUM * Low Coefficient of Friction * High 
Compressive Strength © Resistant to 


METAL Shock Loads ® Sound, uniform structure 


* Free-Cutting. 


AVAILABLE IN: cored and solid bors * cen- 
terless-ground rods * machined ports © 
pottern castings 


Wherever there is a bearing application involving high 
speeds, poor lubrication, heat-generating loads, elevated 
temperatures, dusty and gritty surroundings—or where 
a liquid other than oil is used as a lubricant—there you 
will find the ideal application for BEARIUM METAL. 

Yes, BEARIUM METAL does out-perform all other 
types of bearing materials . on all counts! Try it on 
one of your toughest applications and prove it to your 
own satisfaction! 


We are at your service—WRITE TODAY! 


BEARIUM METALS CORP. 


264 State St., Rochester 14, N. Y 








Catalogs and Bulletins continued 


(N-5) CLAD METALS — Superior 
Steel Corp. Booklet, 24 pp. Titled “An 
Introduction to Clad Metals,” it is a 
comprehensive survey of the manufac- 
ture and applications of the stainless, 
copper, brass, and other clad steels. 
Points covered are: principles of bond- 
ing, characteristics of clad metals, 
methods of cladding, and applications. 
Contains many illustrations. 


(N-6) THIN GAGE STRIP METALS 
—American Silver Co. Booklet, 6 pp. 
Data on a variety of thin gage, close 
tolerance ferrous, non-ferrous, and 
precious strip metals. Lists thickness 
tolerances obtained, mill limits of 
metals ranging from aluminum to zir- 
conium in both solid and composite 
form. Typical industrial uses of each 
are listed. 


(N-7) PREALLOYED STEEL POW- 
DER — Vanadium-Alloys Steel Co., 
Bulletin 3, 12 pp. Has the technology 
of prealloyed stainless steel powders, 
properties, production, uses. Illustra- 
tions show range of sizes; charts give 
properties and sintered properties of 
stainless steel powders; and curves of 
tensile strength. 


(N-8) ATMOSPHERIC CORRO- 
SION OF LOW ALLOY STEELS— 
The International Nickel Co., Inc. Bul- 
letin A-149, 22 pp. Well documented 
with charts and tables, it reports the 
effects of 9 years atmospheric exposure 
on low alloy steels. Has data on weight 
losses, pit depths, thickness measure- 
ments, and weight of rust on speci- 
mens. Effects of composition are dis- 
cussed. Has many curves. 


(N-9) ALUMINUM ALLOY STRIP 
—Scovill Mfg. Co. Booklet, 20 pp. 
Discusses annealed tempers of wrought 
aluminum strip alloys; methods of de- 
termining directional properties of 
wrought aluminum alloy strip; charac- 
teristics of wrought aluminum alloys; 
fabricating characteristics; and stand- 
ard temper designations. Has charts 
with all properties of various alloys. 


(N-10) DUCTILE CAST IRON— 
American Brake Shoe Co., Booklet, 12 
pp. Properties, characteristics, and ap- 
plications are described for three stand- 
ard grades of ductile cast irons. Has 
curves, charts and illustrations of typi- 
cal castings for use in chemical, diesel, 
and general industrial fields. 
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get all the facts about 
MUELLER BRASS CO. 


600 series bearing alloys 


in this new 
detailed 
engineering 
handbook 
... write for 
Your copy 


today 


e This factual, illustrated 24-page handbook 

gives you complete information concerning this 

outstanding group of alloys. For your tough bearing 

applications that require high tensile strength, high density, 

light weight, resistance to corrosion and good machinability, we suggest 
you investigate the 600 series bearing alloys. Available in 

rod, forgings, or machined parts. Write for your copy . . . now. 


MUELLER BRASS CO., PORT HURON 40, MICHIGAN 
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Let Diamond H elp 


Improve the Appearance 


MESIE 
T 


SIHI If you have a new product 

HIHI : : 
coming along, or would like 
to give a present product 
that "New Look," we invite 
you to consider the many 

E] attractive designs immed- 

XXXI iately available in Diamond 

XDD Perforated Metal, Diamond 

AR Ornamental Cane and Dia- 
mond Architectural Grilles. 
Specialized production fa- 
cilities and 39 years of suc- 
cessful manufacturing ex- 
perience enable us to make 
prompt deliveries and to 
maintain the highest stand- 
ards of quality, at competi- 
tive prices. 


Sections can be made to 
meet your specifications 
and to suit your production 
schedules, even though ad- 
ditional operations are in- 
volved. Send us your blue- 
prints. We welcome oppor- 
tunities to make money- 
saving suggestions. 


illustrated catalogs, giving complete 
working data, mailed promptly on request. 


of Your Products 


P 
JUKE BOXES 
= 


METAL FURNITURE 


3 


< | 


SPACE HEATERS 


` 


ROOM AIR 
CONDITIONERS 


STORE AIR 
CONDITIONERS 


DIAMOND MANUFACTURING CO. 


Box 40 d T TY 


Catalogs and Bulletins continued 


(N-11) PERFORATED METALS- 
Standard Stamping & Perforating Co. 
Bulletin, 4 pp. Has illustrations and 
dimensions of some of the various de- 
signs available in perforated metals, 
masonite, plastic, and coated stocks for 
use in screens, furniture, lighting fix- 
tures, engine guards, radiator covers, 
sound proofing, decorating, vibrating 
screens, and many others. 


(N-12) STAINLESS STEELS—Armco 
Steel Corp., Booklet 8 pp. The extra 
low carbon grades of stainless steel, 
18-8 ELC (type 304 L) and 18-12 
Mo ELC (type 316 L) are fully ex- 
plained. Covers: why carbon causes 
corrosion; how special steels conserve 
scarce alloys; how to weld them; and 
other points. Well illustrated and in- 
cludes tables on chemical analysis, and 
mechanical properties. 


(N-13) BRONZE CASTING AL- 
LOYS—American Manganese Bronze 
Co., Booklet, 48 pp. Called a “Refer- 
ence Book on Bronze Casting Alloys,” 
it gives general information on compo- 
sition, characteristics, and applications 
of many of the common or typical al- 
loys. Has index of specifications for 
common kinds of bronze castings; and 
an index of applications and character- 
istics of bronze alloys in cast form. 


(N-14) ELECTROPLATED RHO- 
DIUM—tTechnic, Inc., Data Sheet, 1 
pp. Gives data on a method for electro- 
plating rhodium to thicknesses up to 
0.001 inch. Gives physical properties; 
electrical properties; corrosion resist- 
ance; hardness; electroplating specif- 
cations; thickness requirements; and 
all applications 


(N-15) ALUMINUM EXTRUSIONS 
—Cupples Products Corp., Bulletin, 8 
pp. Shows the various products, facili- 
ties, in the production of an extensive 
line of aluminum extrusions, fabricated 
components, and assemblies. Design, 
extruding, heat treating, fabricating, 
assembling and finishing are discussed 


(N-16) IMPACT EXTRUSIONS— 
Aluminum Co. of America. Booklet, 
16 pp, covers significant facts neces- 
sary to design products as impact ex- 
trusions. Along with illustrated recom- 
mendations for various types and 
shapes of extrusions, tables give sug 
gested wall thicknesses and typical 
properties and tolerances. 
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It's welded — 
but you can't feel the weld 


It's easy to 
fabricate 


Product Engineering — 1955 Annual Handbook 


It has to be accurate 


Specify Brainard ror 
WELDED STEEL TUBING 


e@ Brainard welded tubing is an economical struc- 
tural material, and offers many physical advan- 
tages. It has a smooth exterior, with all weld 
flash removed. Its wall thickness is uniform, since 
it is formed from flat strip. With welded tubing 
you can cut weight without sacrificing strength. 
And there’s practically no limit to the design 
requirements you can meet with this easily 
fabricated material. 


Brainard maintains continuous quality control 
throughout manufacture—from ore to finished tub- 
ing. Careful supervision assures you high quality. 
For complete specifications call or write Brainard 
Steel Division, 3100 Griswold St., Warren, Ohio. 





LET" i 


arririgton « King = 2222 
PERFORATING Co.’ PERFORATED MATERIALS 
Vudustrial - Ornamental 


Any Perforation — Any Coil, Sheet or Plate Material 


5618 FILLMORE ST., CHICAGO 44, ILLINOIS 
NEW YORK: 114 LIBERTY STREET, 6 


MATFKIALS 


All of the metals — steel, copper, 
brass, aluminum, monel, zinc and 
stainless steel. 

Wood Products — hard boards and 
plywood. 

Plastics—and plastic coated fabrics 


FACILITIES 


The largest shop in the country de- 
voted exclusively to perforating — 
with 70 years of experience and 
specialized equipment designed to 
handle small or large orders—with 
emphasis on quality workmanship at 


in sheets or rolls. Materials can be 
perforated in sheets, plates or coils. 


Round holes from 1/50” diameter 
up through 9” diameter. 

Slotted patterns from .006 wide, 
upward. Squares, triangles, orna- 
mental and special shapes in a wide 
range of patterns, spacings and 
arrangements, 


FABRICATING 


Shearing, rolling, welding, emboss- 
ing and other fabrication when 
required. 


lowest possible prices. 


Catalog No. 62 


Fully illustrates ond de- 
scribes H & K Perforations 
—write for your copy. 


nl LN E L 
— 5 — —— 


.H & K can perforate it! 


Catalogs and Bulletins continued 


(N-17) CASTINGS & PATTERNS 
—Howard Foundry Co., Catalog, 72 
pp. Has many illustrations showing the 
production of aluminum, magnesium, 


semi-steel, bronze, brass, and electric 


; alloy steel castings. Has full page tables 


The Finest of Laminated Materials... f | 0 «97: soos nomi- 


nal compositions and mechanical prop- 
perties of aluminum base alloys, and 
similar tables for other materials. 


We are providing manufacturers with a complete line of precious 
metals laminated to non-precious base metals made to their exact speci- 
fications within the following limitations: 

SHEET STOCK: Maximum width—5” 
Minimum width—-'Á ". 
Thickness—down to .003" 
TUBING: Maximum diameter 1" x .050" wall 


WIRE: All sizes down to .0045" diameter also 
squares, rectangular and odd shapes. 


(N-18) ALUMINUM EXTRUSIONS 
—Revere Copper & Brass, Inc., Book- 
let, 28 pp. Diagrams are used along 
with tables in presenting the standard 
tolerances of aluminum extruded 
shapes. Included with’ typical examples 
are the tolerances in detail for straight- 
ness, twist, corner and fillet, radii, 
length angularity, contour of curved 
surfaces, and flatness. 


In addition to laminated materials we also furnish alloyed gold and 
silver in sheet, wire or tubing form. 
The many varied applications of our materials cannot be listed here, 
but you are cordially invited to inquire for infor- 
mation regarding your requirements, 





The Home of IMPROVED Service 
` Rhode Island's largest manufacturer 
. of Laminated Metals 


“The IMPROVED SEAMLESS WIRE COMPANY 


INCORPORATED 1898 


775 Eddy Street, Providence 5, Rhode Island » 


— 


(N-19) STAINLESS STEEL PARTS 
—G. O. Carlson, Inc. Bulletin, 4 pp. 
Lists and illustrates a complete line of 
stainless steel plates, forgings, sheets 
(No. 1 finish), tank heads and flanges. 
Stainless steel rings and disks are 
shown as typical of the various forms. 
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4o work in your plant and on yout products 


Follow the lead of progressive companies all over the country who are 
finding more and more ways in which they can use Inland 4-way 
Safety Plate to do the job better! 

This rugged, economical, steel product, with skid-resisting safety 
tread rolled right into it, is a practical material not only for those 
places where feet and wheels must travel but also for many other 
applications where slip-resistance, durability, fabrication costs and 
appearance are factors. 


2727722 


EN 


AW V Y, 


Get your copy of 
Inland's new booklet 
“18 USEFUL, COST- 
CUTTING IDEAS with the 
Help of INLAND 4-WAY 
Safety Plate'' and 
learn how you can use 
in your own plant some 
of ihe unique applica- 
tions others have discov- 
ered for this versatile 
product. 


B 


Ideas like: 


LA A. 


— How to fabricate 
vtility dockboords 


w 


How to build an all- 
welded stairway 


—— How to construct a 
personnel rampway 


Complete “how-to- 
do-it” information 
is included for each 
application. 

Ask your steel 
warehouse salesman 
for your copy, or 
write Inland Steel 
Company. Do it 


INLAND STEEL COMPANY, Dept. F 
38 South Dearborn Street * Chicago 3, Illinois 


Sales Offices: Chicago - Milwaukee * St. Pau - Davenport 
St. Louis + Kansas City -+ indianapolis + Detroit + New York 





If You Want the Quality of 
the TEST BAR in Your Castings! 


Specify FRONTIER 40-E 
ALUMINUM ALLOY! 


Ordinarily the physical properties of an 
£ aluminum - alloy casting are less than 
those of a separately-cast test bar. But 
because of the special qualities of FRONTIER 
40-E—the non-heat-treated aluminum alloy—you 
can be sure that the same high qualities which 
show up in the test bar will appear uniformly 
throughout a large casting. The following tables 
tell the story: 


40-£ Step Block Costing Cut Into 42 Test MM Properties of eoch Shown in Squores 


ó n. na 2s | 2a 
32.5) 33.3] 34.5 
10.0) = 70| 7.5 "s 
30 
22.0 230 ns 
36.3 |35.3 35.0 
10.0} 6.0 7.5 


TS 
Separately-Cast Test mo El 
Bar Properties 41 |40 
Ys 23.7| 23.0 
NAT. AGED 5. &. | 39| «o| 65 


21 DAYS 


PROPERTIES OF CASTING (BASED ON TENSILE STRENGTH READINGS) 


Minimum Average 


22,500 22,700 
32,500 35,500 
5.0 7.5 


Write TODAY for full S.A.E 310 
details cbout Frontier A.S.T.M. B-26-50T Alloy ZG-61A 
40-E Aluminum Alloy (Castings ) 
- . including FREE A.S.T.M. B-179-51T Alloy ZG-61A 
DATA BOOK, (Ingots) 
Federal QQ-B-601a Comp. 17 

Navy QQ-B-601a Comp. 17 

46A-1-Class 1 

Air Corps QQ-B-601a Comp. 17 


FRONTIER 
BRONZE CORPORATION 


4889 Packard Road, Niagara Falls, N. Y. 
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(N-20) STEEL CASTINGS DATA 
—Steel Founders’ Society of America, 
Booklet, 16 pp. Titled, “Carbon and 
Low Alloy Steel Castings,” it has data 
covering steel casting properties, speci- 
fications, design, joining, heat treating, 
and inspection procedures. Has a two- 
page chart devoted to general engineer- 
ing types of steel castings classified ac- 
cording to tensile strengths. 


(N-21) ALLOY SPRING STEELS— 
The International Nickel Co., Inc., 
Booklet, 18 pp. With charts, tables, 
and photo-micrographs, it compares 
the mechanical properties of three al- 
loy steels: nickel-chromium-molybde- 
num, silico-manganese, with plain car- 
bon spring steel. Gives experimental 
procedure and results. 


(N-22) NICKEL CHROME CAST- 
INGS—Standard Alloy Co., Inc. Bul- 
letin No. 1, 4 pp. Engineering data 
on the HR-3 (37 percent Ni—17 per- 
cent Cr) cast alloy for use for parts 
subject to corrosive elements and high 
temperature. Gives chemical composi- 
tion, physical properties, mechanical 
properties, heat and corrosion resistant 
properties, and design stresses. 


(N-23) ENGINEERING GRAY 
CAST IRONS-—International Nickel 
Co., Inc., Bulletin A-174, 52 pp. Ex- 
plains the proper principles necessary 
for the production of as-cast acicular 
iron having tensile strengths of 60,000 
to 80,000 psi, and when heat-treated 
up to 105,000 psi. Has many photomi- 
crographs, charts and tables. 


(N-24) PRESSURE-TIGHT CAST- 
—— ae Meehanite Metal Corp., 
Bulletin 43, 48 pp. Contains 64 illus- 
trations M. specific industrial applica- 
tions of castings where absolute den- 
sity, uniformity and resistance to vari- 
ous presure ranges is necessary. Also 
has some engineering property charts 
and pressure casting design suggestions. 


(N-25) TITANIUM ALLOYS—Mal- 
lory-Sharon Titanium Corp., Booklet, 
16 pp. Has information on different 
production methods, general properties 
of various alloys, standard production 
classifications and testing procedures, 
and the specific qualities of 5 types of 
titanium and its alloys. 
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SAVES MONEY: 


Stainless sheets are usually ordered by gauge number — with permissible A.LS.I. 
thickness variation of plus or minus 1076 — but are sold on a weight basis. Thus, you 
may order 18 gauge, needing about .0475" thickness, and receive .052" thickness. But 
MicroRold may be held to a 376 plus or minus tolerance; and you may order by gauge 
number, specifying that it be rolled on the “light side” of the gauge range. While 
these savings may not be apparent in every single sheet of MicroRold, the weights 
will average less than the theoretical when figured over a period of time. These sav- 
ings can be substantial in your annual profit picture. 


00 Map, SEL 


CORPORATION 
WASHINGTON, PENNSYLVANIA 


— 
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NEW BOOKS 
Non-Metallic Materials and Finishes 


Symposium on Porcelain Enamels 
and Ceramic Coatings As Engineer- 
ing Materials presented at tbe 56tb 
Annual Meeting of tbe American 
Society for Testing Materials. 6 x 9 
im. 128 pp. Headquarters of tbe 
ASTM, 1916 Race St., Philadelphia 
3, Pa. $2.50. 


This symposium was set up as a 
carefully planned and thorough effort 
to acquaint the engineering profession 
with growing ceramics technology. In 
the program itself, due attention was 
given to a number of important but 
diversified fields to which such coat- 
ings are particularly adapted, covering 
areas where an attractive, easily main- 
tained surface is desired or where 
metal is subjected to deterioration by 
heat, abrasion, vibration or chemical 
contact. Subjects 
Weathering Resistance of 
Enamels; Chemical Resistance of Glass 
Fused to Steel; Acid Resisting Prop- 
erties of Porcelain Enamel; Applica- 


include: 
Porcelain 


covered 


tion of Coatings to High Temperature 
Components of a Jet Engine; Indus- 
trial Processing of High-temperature 
Abrasion 
ance of Various Types of Porcelain 
Enamel; 


Ceramic Coatings; Resist- 
Porcelain 
Enamel to Surface Abrasion; Torsion 
Testing of Enamel; and 
Effect of Temperature on Electrical 
Resistivity of Silicone Type Coatings 
and of Ceramic Type Coatings 


Resistance of 


Porcelain 


ASTM Standards on Plastics. 6 x 9 
in., 705 pp. Published by the Amer- 
ican Society For Testing Materials, 
1916 Race St., Phila. 3, Pa. $5.25. 


Most of the 125 standards which are 
included have been developed through 
the work of ASTM Committee D-20 
on Plastics. The Committee for many 
years has been perfecting methods of 
testing, and those included are con- 
sidered to be the best available at this 
time. In addition to the standards 
covered by Committee D-20, there are 
a number that are pertinent from other 
fields, including electrical insulation. 


The 27 


B72 


specifications cover quite a 


wide range of molding compounds 
such as phenolic, polystyrene, mela- 
mines, ureas, cellulose, acetates, vinyl, 
chloride, methacrylate, and materials 
made from these compounds in the 
form of sheets, rods, tubes and shapes. 

The large number of test methods 
are arranged in the following classi- 
fications: Strength properties; hard- 
ness properties; thermal properties; 
optical properties; permanence proper- 
ties; analytical methods for plastics; 
molds and molding processes for plas- 
tics; conditioning of plastics; plates, 
sheets, tubes, rods, and molded ma- 
and of Ceramic Type Coatings. 


Organic Protective Coatings by 
William V an Fischer, Hd., Dept. of 
Chemistry and Chemical Engrg., 
Case Institute of Technology, and 
Edward G. Bobalek, Associate Pro- 
fessor of Chemistry, Case Institute 
of Technology. 6 x 9 in., 387 pp. 
Published by Reinhold Publishing 
Corp., 330 West 42 St., New York 
36, N. Y. $7.50. 


Emphasizing specifically the prob- 
lems of formulation, specification and 
application of organic coatings, this 
new book describes the fundamental 
theory and practice of paint as an en- 
gineering material. 

Several chapters present the theories 
of physics and chemistry as applied to 
coatings technology, for example, the 
engineering properties of paint, paint 
formulations, pigment dispersion, re- 
flective properties and reflectance spec- 
trophotometry. Others offer typical 
case histories of progress in the coat- 
ings industry, such as the development 
of anti-corrosive and luminescent pig- 
ments, aminoplast resins, hot spray 
lacquers, emulsion and latex paints; 
the protection of metal surfaces with 
synthetic resin coatings; new applica- 
tions of organic coatings to electrical 
insulation; and the use of silicone 
resins in heat-resistant paints. 

Although no attempt is made to 
cover exhaustively all the advances al- 
ready made in the field of coatings, 
many selected examples are considered. 


Plastics. 614 x 934 im, 442 pp. Pub- 
lished by Her Majesty's Stationery 
Office, obtainable from British In- 
formation Services, 30 Rockefeller 
Plaza, New York 20, N. Y. $8. 


This book, Volume I, is the first 
in a series of Selected British Govern- 
ment Research Reports issued by the 
Ministry of Supply. Twenty-one re- 
ports are included in the 
Among the subjects covered in these 
reports are: Mechanical properties of 
high polymers; plasticizer-polymer in- 
teraction; absorption of water by high 
polymeric materials; linear shrinkage 
of phenolic moldings under continu- 


volume. 


ous high temperature service; setting 
process of phenol-formaldehyde res- 
ins; ductility of plastic materials; ef- 
fects of humidity on thermoplastics; 
variation in strength of nominally 
phenol-formaldehyde mold- 
ings; directional strength and stiffness 
of fibrous materials; microscopic ex- 


identical 


amination of reinforced synthetic res- 
ins; and strength of bolted joints in 
acrylic sheet. 

This volume is a valuable source of 
information and data for all engineers 
concerned 
plastics 


with the selection of 


Plastics Mold Engineering by M. 
Freund. 5V5 x 834 in., 409 pp. Pub- 
lished by British Book Centre, Inc., 
122 E. 55th St., New York, N. Y. 
$10. 


A comprehensive analysis of the en- 
gineering principles and practice in- 
volved in plastics molding, this volume 
presents valuable data concerning de- 
sign factors involved in plastics mold- 
ing from 
Devoted 


molded 
primarily to 


tools to piece. 
compression, 
transfer, and injection molding tech- 
niques, the book discusses stress in 
plastic molds, unusual mold designs, 
stress and strength consideration of 
large molded components, tolerances 
and accuracy permissible, mechanical 
performance and physical behavior of 
plastic moldings, types and strength 
of threads and inserts, and electrical 
applications of plastic molding. 
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Non-Metallic 


Materials and 


Finishes 


Nickel and Chromium Electroplates for Aluminum by Henry 
Paige, Lt. J. H. James and F. S. Williams 


Indices for Chemical Resistant Plastics by Raymond B. Seymour 


Vibration Damping Characteristics of Glass Fiber Cushioning by 
Sol Musikant 


Cellular Rubber as An Engineering Material by G. R. Sprague 
and A. F. Sereque 


Design Fundamentals for Molded Plastic Parts 


Effect of Surface Shape on Distribution of Nickel Plate by D. M. 
Bigge 


Design for Porcelain Enameling by E. E. Bryant 


Developments to Watch 


Components 


Hydraulic 
and Pneumatic 


Equipment 





( The data presented in this article are those 
of the authors and are not to be construed 
as official data released by the Department 


of the Navy.) 


Nickel 


and 


Chromium Electroplates for 


As A MEANS OF INCREASING the appli- 
cation scope of high strength aluminum 
alloys, electroplating techniques are at- 
tracting considerable attention. The 
basic considerations involved in their 
use are the selection of plates, appli- 
cation thickness, and surface pre-treat- 
ment: Which offer the best resistance 
to corrosion? . . . Which are best in 
retention of mechanical strength prop- 
erties ? 

Among the promising electroplates 
for aluminum are nickel and chro- 
mium. As hard surface deposits, they 
permit the application of aluminum 
alloys where weight reduction, without 
sacrifice in strength or wear resistance, 
is necessary to design. High strength 
aluminum alloys of the dural and zinc 
bearing types, when heat-treated, for 
example, approach the strength of some 
alloy steels, and possess much lower 
densities, Table I. 


The value of nickel and chromium 
electroplated high strength aluminum 
has been revealed in a series of corro- 
sion and mechanical strength studies 
conducted by the U.S. Navy Bureau 
of Aeronautics. One phase of this test- 
ing program was conducted on stand- 
ard .505 in. round bars, from which 
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the data presented in this article have 
been obtained. The bars, fabricated 
from Al 24S-T4 and AI 75S-T6, were 
plated with several types and thick- 
nesses of nickel and chromium de- 
posits, ranging in thickness from 1 to 
8 mils, and a combination duplex 
chromium nickel deposit, prepared with 
2-mil hard chromium over 2-mil bright 
nickel. 

The nickel deposits, Table II, were: 
Hard nickel, Grey nickel, Pinner nickel, 
and Bright nickel. The bath composi- 
tion included both a proprietary Watt's 
and a high chloride type. The chro- 
mium deposits, Table III, were: Hard 
chromium, Low contraction chromium, 
and Low fatigue chromium. 


i 


Plating Procedures 


Depending upon test conditions and 
electroplate employed, surface pre- 
treatment prior to plate application 
varied basically from a zinc immersion- 
copper strike process, designed to in- 
duce maximum uniform adhesion. 

The nickel plated specimens, for 
example, were prepared with this 
process, Table IV. The specimens were 
first alkaline cleaned and acid pickled 
to deoxidize the surface, and the zinc 
film was deposited chemically from a 
sodium zincate solution. After thor- 
ough rinsing to remove the viscous 
zincate solution adhering to the sur- 
face, a copper strike was applied from 
a Rochelle copper solution. To prevent 
poor adhesion caused by attack upon 
the zinc film, potential was applied to 
the aluminum prior to immersion, and 
the free — content in the solu- 
tion was kept low. 

The chromium plated specimens 
were obtained with this plating tech- 
nique and modifications. In certain 
specimens, for example, no copper 
strike undercoat was employed. Chro- 
mium was deposited directly over the 


— layer. This was done to prevent 


possible corrosion reactions between 
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the aluminum base and the copper 
undercoat, which could occur because 
of extensive penetration of the porous 
chromium deposit by corrosive media. 

One modified method of depositing 
chromium directly over the zincated 
layer consisted of immersing the zinc- 
ated specimen in cold chromium plat- 
ing solution at 65 F with the current 
on and preset to 576 ASF. After a few 
seconds, the current was reduced to 
432 ASF and the bath was gradually 
heated up to 131 F while current den- 
sity was maintained. Plating was then 
continued at 131 F until the desired 
thickness was obtained. This proce- 
dure, while preventing blistering which 
normally results from direct plating in 
the hot chromium solution, may be 
undesirable for producing large quan- 
tities of specimens. 

A variation of this method consisted 
of immersing the specimen in the 
cold chromium solution with the cur- 
rent on and preset to 576-720 ASF. 
This current was maintained for 10-15 
seconds and then reduced to 432 ASF 
for 10 minutes. The specimen was 


Aluminum 


transferred to a second chromium solu- 
tion at 131 F and a current of about 
50 ASF was applied for several sec- 
onds. Then the current density was 
slowly raised to 432 ASF in about 
5 minutes and maintained for the bal- 
ance of the plating cycle. 

Other specimens were plated di- 
rectly in the chromium solution after 
special mechanical preparation to 
roughen the surface; no pre-treatment 
was made. The duplex chromium- 
nickel plate followed the zinc immer- 
sion copper strike process. 


Mechanical Strength Properties 


The electroplated specimens for 
which mechanical strength properties 
were obtained were both unexposed 
and exposed to corrosive conditions of 
salt spray and atmosphere. 

In general, no substantial changes 
in ultimate tensile and yield strength 
were exhibited in unexposed nickel 
and chromium plated specimens up to 
about 8 mils in plated thickness, Fig. 
1. Heavier deposits, however, with 
the exception of Pinner nickel, dis- 

layed a reduction in ultimate strength 
based on plated diameter. All deposits, 
with the exception of the duis 


C NON-METALLIC MATERIALS AND FINISHES 


Table IV—Plating Procedures 
(Rinse follows each step; D & E are repeated before copper strike) 


Table V—Elongation of Exposed Specimens 
(Average of three specimens) 


chromium-nickel plate, showed a re- 
duction in ductility, percentage elonga- 
tion dropping sharply for thicknesses 
up to 8 mils. 

Elongation of the chromium plated 
specimens, however, was greater than 
that exhibited by those nickel plated. 
This might be attributed to the fact 
that, with chromium plate, the alumi- 
num could freely deform plastically, 
while with the nickel plate it could 
not. 

Normally when aluminum alloys 
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are stressed in tension above the 
elastic limit, plastic deformation, ac- 
companied by a reduction in area, 
occurs progressively up to the point 
of fracture. Since chromium is much 
less ductile than nickel, it ruptured 
progressively due to its normal crack 
network. The aluminum alloys de- 
formed semi-independently of their 
chromium plates, and were free to 
elongate in the direction of the applied 
tensile stresses. 

With nickel plate, the aluminum 
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Lb per sq in. thous, 


U T. Bosed on O 505" dio 
UT Bosed on plated dio 
Y S. Bosed on 0505" dia 


Elong % in Zin 


6 8 10 


Plating thickness - mils 


YS Bosed on ploted dia 


12 


w UT Bosed on O. 505" dia 
v UT. Bosed on plofed dia 
* 


YS Bosed on O 505" dio 


| YS. Based on piloted dia 
LJ 


o 
LJ 
J 
2 4 6 8 10 12 


Ploting thickness - mils 


Fig. 1—Ultimate tensile, yield, and elongation values for (A) Pinner nickel plating; (B) Bright nickel plating; (€) Hard. 


could not deform since the plate sets 
up tensile stresses normal to the direc- 
tion of the applied stress and reduces 
the elongation. The ensuing 
pattern also caused the nickel plate to 
crack repeatedly around the circumfer- 
ence, Fig. 2. The single crack that de- 
veloped on the Pinner nickel plated 
specimen results from the greater duc- 
tility of this plate. 

The tensile tests conducted on these 
plated specimens also substantiated the 
value of a copper undercoat as a good 
adhesion medium, Chromium applied 
directly to the zinc film shattered 
and completely flaked off at the ulti- 
mate load—a marked contrast to the 
strong adherence shown by the speci- 
mens prepared with a flash copper layer. 
This lack of adherence also increased 


stress 


percentage elongation over those nor 
mally plated. 

During tensile tests, strong adhesion 
to the base metal was also exhibited 
by the duplex chromium-nickel layer. 
Elongation was greatly reduced and a 
fine network of wavy circumferential 
cracks appeared. The finer spacing and 
waviness of these cracks, Fig. 3, con- 
trasted with the wider spacing and uni- 
formity exhibited on nickel plating, 
Fig. 2, are undoubtedly due to the 
presence of the less ductile chromium 
outer deposit. 

Elongation of exposed specimens is 
given in Table V. As shown, aluminum 
plated with chromium or nickel de- 
posits, 4 mils thick, suffered marked 
elongation losses after 4000 hrs. salt 


spray exposure. These drastic losses 


Fig. 
left 
chromium 
Hard nickel plating; Bright nickel plating. 


to right: 


Product 


were equivalent to that lost by the un- 
plated controls. The same thickness 
of the duplex deposit limited this loss 
greatly. Again the improved perform- 
ance obtainable with the duplex chro- 
mium-nickel deposit is clearly evident. 

Fatigue strength studies were carried 
out using rotating beam specimens mod- 
ified to eliminate the sharp shoulder 
and insure failure at the reduced cen- 
tral section. From these studies, it was 
seen that the fatigue strength of the 
plated specimens depends not only on 
the thickness but also on the type of 
deposit applied. 

The type of electrodeposit is a major 
determining factor in whether fatigue 
failure of a plated specimen will occur 
at a stress level lower or higher than 
that of the base metal. In general, most 


after tensile testing. From 
AI75S-T6, unplated; 
ting; Pinner nickel plating; 


Hard 
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Lb per sq. in 


thous 


Lb per sq in 


U.T Based on 0.505" dio 


Elong. % in 2in. 


8 10 
Plating thickness 


UT. Based on plated dia 


YS Based on O 505 ' dia 
YS. Based on plated dia 


% in 2in 


Elong 


12 


- mils 
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U 0.505" dia 
y Based on plated dia 
Y Based on O 505 dio 
Y 


S Based on plated dia 


6 8 O 
Ploting thickness - mils 


Chromium plating; (D) Low contraction chromium on A175S-T6. Data were also obtained for electroplates on A124S-T4. 


electrodeposits contain residual stresses 
in tension. When specimens protected 
with such deposits are stressed in bend- 
ing, the tensile forces at the outer fibers 
are augmented and fatigue failure oc- 
curs at a stress level lower than that of 
the base metal underneath the elec- 
trodeposited layers. 

Certain deposits, such as Bright 
nickel, are modified by the reagents in 
the bath and contain residual stresses 
in compression. When these specimens 
are subjected to a bending moment, the 
residual compressive forces counteract 
some of the applied tensile stresses. 
Failure of the plated metal then occurs 
at a higher stress level than that of the 
unplated metal. This is believed to be 
the reason for the Bright nickel plat- 
ing exhibiting definite superiority over 








Enduronce strength -X!O" ib per sq. in.-250 xi0° cycles 


IO i2 
Plating thickness 


Fig. 4—Effect of plating thickness on endurance strength of 
Bright nickel plating exhibits initial in- 
crease in fatigue strength, other deposits a decrease. 


plated AI75-T6. 


| 
Bright nickel | | 

I 
Hoard chromium | 


ow contraction chromium 
i 


certain other plates that were tested 
in the same series. 

Bright nickel plating, as shown in 
Fig. 4, shows an initial increase in fa- 
tigue strength while the other deposits 
exhibit a decrease. However as the de- 
posits increase in thickness, other fac- 
tors may influence stress distribution 
and affect behavior. A duplex coating, 
for example, with bright nickel as the 
underlayer does not perform in the 
same manner as a bright nickel plate 

Although the bright nickel plating 
increased the fatigue strength of the 
alloy, it does not do so in the duplex 
plating, Fig. 5, indicating that fatigue 
strength appears to be determined by 
the outer deposit. Numerically, the 
strength dropped from 20,000 psi to 
11,000 psi, a loss of 45 percent due 


| 
| 
| 


thousonds 


- psi - 





Stress 


l 


Pinner nickel | | 


E. 


i4 I6 


- mils 


Product Engineering — 1955 Annual Handbook 


to the chromium deposits which served 
as the outer layer 


Corrosion Resistance 


In salt spray and atmospheric ex 
posure tests, the 2-mil chromium 2-mil 
nickel duplex plating displayed the 
most outstanding corrosion resistance, 
Fig. 6. The surfaces of the specimens 
appeared as bright and corrosion free 
is they did in 


[n salt spray exposur: 


at the end of the test 
the beginning 
no attack was evident after 2000 hours 
and only one pit developed after 3000 
hours, with no further advance at 4000 
Similarly 19 months exposure 
to the atmosphe rc had no v isible effe ts 


hours. 


on the duplex specimens 
On the basis of plated thickness, 
nickel plates were next in performance 


I aT TTT 
© Bore 75S-T6 9o 2 r 


O 2.0 mils chromium 


Stresses calculated for TT] 


the bose metal thickness 


fo 


Reversals of stress to fa:lure 


Fig. 5—Fatigue strengths of unplated Al75S-T6, chromium 
plate, and duplex chromium-nickel plate. 
exhibits sharp loss in fatigue strength. 


Duplex plate 
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Fig. 6—Duplex chromium-nickel plated aluminum after exposure to salt spray and weathering. From left to right: 


Salt spray—2000 hrs, no pitting attack; 


Fig Heavy layers of nickel, 8 mils 
thick, remained unaffected after 4000 
hours exposure to salt spray. Lighter 
deposits suffered pitting attack on scat- 
tered areas in shorter periods. How- 
ever, in atmospheric exposure tests, 
these thinner coatings conferred ade- 
quate protection to the specimens. 
Nickel only 1 mil thick prevented cor- 
rosion of the underlying aluminum for 
approximately 16 months, although 
discoloration and darkening occurred. 

Chromium deposits with the copper 
strike undercoat were less resistant to 
corrosion than nickel. After 2000 
hours exposure to salt spray, marked 
pitting had developed in coatings up 
to 4 mils thick. After 4000 hours 
even the 8 mil specimens contained a 
few pits. Atmospheric exposure 
caused severe corrosion in the under- 
lying aluminum, forming voluminous 
products which resulted in the buckling 
of the chromium layer. Examination of 
these specimens substantiates that the 
mode of corrosion is different in salt 
spray and atmospheric exposure. 

Salt spray, a conductive medium, 
causes pitting attack. Once developed, 
the pit offers local galvanic protection 
to a wide area around it. Such ex- 
tended galvanic currents are not pro- 
duced on specimens exposed to atmos- 
pheric conditions. Consequently, many 
small pits form closer together and 
cause a more general type of corrosive 
attack 

Chromium deposits without the cop- 
per undercoat showed no relative varia- 
tion from those with undercoat in 
resistance to salt spray exposure. How- 
ever, elimination of the copper under- 
coat appeared to have increased the 
resistance to weathering, but, as de- 
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salt spray—3000 hrs; salt spray—4000 hrs; weather exposure—19 months. 


Fig. 7—Nickel and chromium plated aluminum after 16 and 15 months at- 
mospheric exposure, respectively. From left to right: Uncoated; nickel, 1 mil; 
nickel, 2 mils; nickel, 4 mils; nickel, 8 mils; chromium, 1 mil; chromium, 2 
mils; chromium, 4 mils; chromium, 8 mils. Nickel exhibits greater corrosion 
resistance. Corrosion in aluminum resulted in buckling of chromium layer. 


scribed previously, adherence of this 
plating to the specimen was extremely 
poor. 

Chromium plated directly on the 
aluminum with only mechanical prep- 
aration to roughen the surface suffered 
severe corrosion after 1000 hours of 
salt spray exposure. Again, the chro- 
mium deposit on the specimens broke 
off in large sections as a result of the 
swelling of aluminum corrosion prod- 
ucts beneath the surface of this poorly 
adherent electroplate. 

In the evaluation of these test re- 
sults, therefore, it is evident that hard 


nickel and chromium electroplates for 
aluminum have certain merit, because 
of the improved corrosion resistance 
offered by the nickel plate and the out- 
standing corrosion resistance exhibited 
by the duplex coating. 

An analysis of the data collected in 
this series of tests indicates that plated 
aluminum possesses many desirable 
properties. Plated aluminum products, 
therefore, should have wide-spread ap- 
pu in components requiring 

ghtweight and hard surfaces, pro- 


vided they can function properly at 
reduced fatigue strength levels. 
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Indices for Chemical Resistant Plastics 


Plasticized Sulphur . 

Polyethylene. . 

Polyisobutylene . 

Asphalt 

Coal Tar. 

Coumarone— Indene . 

Polystyrene 

High Impact Styrene.. 
Styrene-Acrylonitrile i 
Polymethyl Methacrylate. . 
Moderate Impact PVC 
Plasticized Polyvinyl Chloride.... 
Vinyl Chloride Acetate Copolymer 
Polyvinyl Butyral....... 

Saran. 

Saran Rubber. 
Polytetrafluoroethy lene. 


y 
Natural Rubber.. 
Butyl Rubber 
Chlorosulphonated Polyethy lene 
Chlorinated Rubber 
Styrene Rubber....... 
Neoprene.... 
Reinforced Polyesters.. 
Phenolic Resin Cements . 
Epoxy Resin Cements. . 
Furan Resin Cements. . 
Cellulose Acetatebutyrate 
Polyvinyl Acetate... 
Redwood. ks 
Oil Base Paint. 
Aluminum. 
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Stainless Steel 316. 


Pyrex - 
Cement-Asbestos Board .... 
Acid Brick i 


— 


From SPE Journal 


RAYMOND B. SEYMOUR 
Atlas Mineral Products Company 


No readily understood data are gen- 
erally available for comparing the phys- 
ical and chemical properties of plastic 
materials, therefore, the design engi- 
neer often is not able to select plastic 
materials of construction with confi- 
dence. 

An attempt to set up a simple 
method of making such comparisons is 
presented in the above Table. In this 
table, a number of plastic materials 
that are commonly used for chemical 
resistant construction and several non- 
plastic products are graded on five 
physical and five chemical properties. 

Relative values from 1 to 10 are 
assigned for each physical and chem- 
ical "e A summation of the first 
five values for any specific material 


Cost and Physical Factors 
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yields a grade for physical and prac- 
tical properties. A summation of the 
last five values supplies an index of 
the overall chemical resistance of any 
specific plastic material of construction. 

The ideal plastic would yield a value 
of 50 for practical properties and 50 
for chemical resistance properties. Such 
a plastic, if it were ever developed 
would be relatively inexpensive, would 
have a low specific gravity, would be 
strong, and possess good resistance to 
physical damage and temperature. It 
would not be attacked by organic sol- 
vents, salts, alkalies, acids and oxidiz- 
ing agents. 

Some of the most chemical resistant 
plastics, however, have values greater 
than 35 for chemical resistance and 
some of the materials of construction 
have values for practical properties 
varying from 30 to 40. 
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Chemical Resistance 


| Alkalies | 
Oxida- 
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When the structure will be subjected 
to corrosive conditions, as a general 
rule, an attempt should be made to 
select a material having a total value 
for practical index above 25 and chem- 
ical resistance properties above 35 
Compromises may be made with ma- 
terials having lower indices when the 
low index values are not important in 
the application under consideration. 
When the summation of indices for 
either chemical resistance or practical 
values are low, the product should be 
examined critically before being recom- 
mended as a material of chemical con- 
struction. 

It is permissible for many applica- 
tions to accept low index values for 
practical properties to secure excep- 
tional chemical resistance and low 
values for chemical resistance when the 
corrosive conditions are extremely mild 
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Fig. 1—Load-deflection characteristies of glass fiber mat. 
(A) Negligible permanent set of preloaded or stabilized 
glass fiber cushioning compares favorably with that of felt 
and unstabilized material. Stabilized material was pre- 
loaded to 100 psi. (B) Principle of pre-loading resin- 








|Load applied 


IO 20 30 40 50 66 70 
Deflection, % Original Height 


i 


bonded glass fiber cushioning, showing effect of successively 
higher loads on deflection. (C) Range of load-carrying 
properties obtained from standard density cushioning mate- 
rials. (D) Static load vs deflection curve. Six lb/cu ft den- 
sity material was stabilized for 66 percent deflection. 


Vibration Damping Characteristics 


Of Glass Fiber Cushioning 


SOL MUSIKANT* 1. This 


Cushion Engineering Company, 


Great Neck, N. Y ness, 


ALTHOUGH resin-bonded glass fiber 
has been used extensively for thermal 
and acoustical insulation, its use in 
shock and vibration damping is rela- 
tively new. Because of internal friction 
between fibers, the material possesses 
excellent damping properties. But 
when pre-loaded beyond the maximum 
load, it also exhibits 
egligible permanent set 


After 


immediately to initial dimensions, Fig 


over 


icate equipme nt 


pone nts. 


expected service 


load release, it returns almost 


"Formerly, Chief Engineer, Vibraglass Division, 


Glass Fibers 


Cs 


prope rty, 
iency, damping power, chemical inert- 
moisture resistance, 
tibility, and stability of these qualities 
1 broad temperature range, per- 
mits is use of the material as vibration 
isolators in blowers and electronic gear, 
shock pads, heavy machinery mount- 
ings, and protective 
anc 


Resiliency and — Properties 


The spring rate o 
bonded glass fiber cushioning depends 
primarily on its density. 
of 50 psi, for example, material of 20 


augmenting resil- lb per cu ft density deflects 20 percent 
of its initial free height, while material 
of 6 lb per cu ft density deflects: 66 
percent of its initial free height. Other 
densities of glass fiber cushioning fol- 
low a similar pattern. As the density 
increases, the material stiffens because 
greater force is required to strain the 
increased number of fibers in the cush 


ioning. 


non-combus- 


p aging of del- 


electronic com- 


The necessary design data for esti- 
mating forces and deflections as related 
to density are presented in Fig. 2, in 
which density is plotted against deflec- 
tion and the lines of constant load are 
drawn to present the complete pattern 
In order to select the proper density to 


[ pre- loaded resin 


At a unit load 
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carry a given loading, 10 psi for ex- 
ample, the appropriate load line is 
traced to reveal the deflection for each 
density at this load level. Thus, 5 lb 
per cu ft density cushioning will de- 
flect approximately 52 percent of its 
initial free height. 

If design requirements call for less 
deflection at the 10 psi loading, then 
15 lb per cu ft density cushioning 
may be selected for deflection of ap- 
proximately 18 percent of initial free 
height, at the 10 psi loading. 

These data are useful only if the 
direction of force in the given appli- 
cation is fecu to the sheet. 
Resin-bonded glass fiber resilient prop- 
erties are essentially uni-directional. 
Resiliency and strength in the direction 
parallel to the piane of the sheet are 
relatively low, and forces in this direc- 
tion should be minimized in any appli- 
cation. This uni-directional character- 
istic results from the parallel lay up 
and horizontal orientation of the fibers 
during manufacture of the material 
The parallelism of the fibers imparts 
the high degree of resiliency and is an 
essential feature of this type of cush- 
ioning bonded with phenolic resins 

Line B is a recommended design line 
for vibration isolation applications. 
Thus, in any given case, the designer 
can specify sufficient area of pad to 
provide the recommended unit static 
load condition for the density selected. 
In general, the lower the density se- 
lected, the greater degree of isolation 
achieved for a given thickness of pad 
Conversely, excursion, dynamic deflec- 
tion, increases as the density of pad 
goes down. Of course, increase in 
thickness of pad has an effect on isola- 
tion inverse to increase in density. 
Loads or deflection should not exceed 
the conditions on line A, or the initial 
properties of the cushioning will drift. 

The repeatability performance of 
resin bonded glass fiber cushioning is 
extremely good. In a durability test 
conducted on 9 Ib per cu ft density 
cushioning, the material was com- 
pressed repeatedly to a deflection of 
25 percent of its initial free height, 
and intermittently its resistance was 
measured at 25 percent deflection and 
at 40 percent deflection. The results 
indicated very little drift after approxi- 
mately 1,000,000 cycles. Therefore, 
under repeated compression within the 
recognized limits of resin-bonded glass 
fiber, the constancy of its characteris- 
tics is excellent. 

There is negligible set, despite the 
internal energy absorption. The area 
within the hysteresis loop is indicative 
of the damping effect to be expected 
when resin-bonded glass fiber is used as 
a shock or vibration isolator. The 


Glass density, ib / cu ft 


Deflection, % free height 


Fig. 2—Selecting density for given loading. Line A represents normal stabiliza- 
tion points recommended for repeated loading and unloading; line B, recom- 
mended working deflection limit percent of free height during repeated loading 
and unloading; line C, where indicated, represents line of constant pressure. 


damping power of this material com- 
pares favorably with other vibration 
isolating media, such as a steel spring 
suspension. In Fig. 3 is shown a typi- 
cal transmissibility curve for a glass 
fiber vibration isolator. In an accelera- 
tion test where a 5-inch cushion of 
resin-bonded glass fiber and the un- 
damped steel spring arrangement were 
subjected to a 36 in. free drop of a 7- 
Ib mass, the impulse was damped out 
in about 114 cycles in the glass fiber 
pack. The steel spring arrangement 
required approximately 30 cycles to 
damp out. This comparison offers con- 
vincing evidence of the damping qual- 
ity of resin-bonded glass fiber. 


Shear Strength 


One present limitation of resin 
bonded glass fiber is that shear loads 
super-imposed on the compressive loads 
will increase the drift, Fig. 4. 

However, the apparent shear strength 
increases if the material is placed un- 
der compression. This indicates that 
resin-bonded glass fiber will resist fail- 
ure due to shear forces more effectively 
if compressed, when subjected to dy- 
namic loads in more than a single plane. 
For this reason, in certain of the fab- 
ricating operations and in the design of 
some products, compressive forces are 
maintained on the pad at all times 

Current development to enhance the 


Product Engineering — 1955 Annual Handbook 


shear strength of this material also in 
cludes the investigation of various 
types of coatings, including rubber and 
vinyl types. In one type of mounting 
design, the glass fiber pads were coated 
with buna-N rubber which tended to 
reinforce the glass fiber against pos 
sible failure due to shear loads. In 
this design two cylindrical end pads 
were also employed to take out shocks 
in the axial direction. In addition t 
the end mounts there were four rail as- 
semblies spaced at 90 deg. intervals to 
take out lateral shocks in any direction 
Each of these rails incorporated three 
glass fiber pads. Sliding action was per 
mitted between the electronic unit being 
protected and the rails, by means of a 
stainless steel track on each of the four 
rail assemblies, so that axial motion was 
permitted without applying shear loads 
to the pads in the rails 


Serviceable Temperature Range 


This type of cushioning is serviceable 
over a broad temperature range. From 
—65 to 165 F its resilience is affected 
only slightly and it remains pliable and 
usable from -100 F to 375 F. Al 
though the material is non-combustible 
the binder tends to decompose above 
{25 F. In Fig. 5, which illustrates the 
effect of temperature on load-deflection 
properties, the stated temperature ex 
tremes caused a variation in stiffness of 
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only 10 percent. In applications where 
great temperature variations may be en- 
countered, such as the packaging of 
military equipment, this temperature 
stability is very important. In a motor 
mount operating above 200 F continu- 
ously in a production household appli- 
ance, glass fiber mounts are employed 
as replacement for conventional rubber 
mounts which aged rapidly and failed 
because of the elevated temperature. 


Special Design Factors 


At present, resin-bonded glass fiber 
cushioning does have certain limita- 
tions which can be obviated by design 
precautions. Since its properties are es- 
sentially uni-directional, it is consider- 
ably stiffer and less resilient in the 
direction of the plane of the lamina- 
tions. Forces parallel to the plane of 
the sheet should therefore be mini- 
mized. To compensate for its relatively 
low shear strength, all lateral loads 
should be taken by suitably oriented 
pads combined with provision for rela- 
tive motion between the mounted item 
and the mount—or pads coated with 
vinyl or rubber should be employed. 
As the material also exhibits a distinct 
yield point, highly concentrated point 
loads should be avoided. 

In the packaging of delicate instru- 
ments, static loads—weight of the ob- 
ject divided by bearing area—should 
be in the range of .02 to 1.5 psi. In 
general, the more fragile the object, 
the lower the initial static load should 
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Fig. 3—Typical transmissibility curve for glass fiber vibration isolator. Nine 
Ib/cu ft density material was stabilized for 55 percent deflection. Measurements 
were made in vertical mode with constant amplitude of 0.109 inches over the 
frequency range of 0 to 60 cycles per second. Static loading was 2.4 psi. Maxi- 
mum amplitude magnification was approximately 2.5 at 15 cps with isolation 


occurring at all frequencies above 21 eps. 


be. However, for heavier structurally 
strong objects, the higher density ma- 
terials can accommodate static loads as 
high as 50 psi. 

Again, required cushion thickness 
is a function of fragility. The greater 
the thickness of the cushion or pad- 
ding provided, the greater the protec- 
tion. If these general precautions are 
observed, the cushioning's performance 


should be satisfactory in most load 
designs. 

The potential uses of resin-bonded 
glass fiber cover the complete field of 
resilient materials including office ma- 
chine padding, aircraft type vibration 
mounts, heating and ventilating equip- 
ment protection, heavy machinery 
mounts, and gaskets and dust seals 
coated for particular performance. 


Fig. 4 left—Shear strength data for various densities of material. 
Curve A at compressive load of 33 1/3 percent; curve B, no load. 


Fig. 5 below—Effect of temperature on deflection rate of 6 Ib/cu 
ft density material. Stiffness variation between —65 F and 165 F 


was only 10 percent. 


Binder, however, tends to decompose at 


temperatures above 425 F. 
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From ASME Paper 


Fig. 1—Gaskets, seals, vibration dampers, and cush- 
ions that are die-cut from cellular rubber flat stock. 


Cellular Rubber as 
An Engineering Material 


G. R. SPRAGUE, 


Director of Research 


A. F. SEREQUE, 


Director of Testing Laboratory 


The Sponge Rubber Products Company 


CELLULAR RUBBER IS MADE in molded 
shapes, flat sheets, rods, and tubes in 
almost any needed degree of firmness, 
with either open (interconnecting) or 
closed (noninterconnecting) cells. Flat 
sheets can be die-cut. Cellular rubber 
compounds can be made that resist high 
or low temperatures, oil, water, and 
flame. These materials can be bonded in 
manufacture to fabrics of almost all 
types, including linoleum and paper, 
and can be furnished with a coating of 
dry cement that can be easily reactivat- 
ed by the consumer. 

There are four types of cellular rub- 
ber, three of which are defined by 
ASTM Standards: 

1. Sponge rubber, which is chemical- 
ly blown, has open cells and is made 
from dry rubber. 

2. Foam rubber has open cells and is 
made from latex. 

3. Expanded rubber, which is made 


also from dry rubber, has closed cells. 

í. Ebonite, or hard, cellular rubber. 

The ASTM system, Table I, for 
identifying these grades (except ebo- 
nite) consists of prefix letters, num- 
bers, and suffix letters. Prefix R stands 
for a grade of rubber, either natural, 
reclaimed, or synthetic, in which oil 
resistance is not required (formerly RN 
for natural rubber and RS for syn- 
thetic). Prefix SB identifies a com- 
pound of synthetic rubber that has high 
oil resistance. Prefix SC identifies a 
compound of synthetic rubber that has 
medium oil resistance. 

These prefix letters are followed by 
two-digit numbers. The first digit gives 
the type. Digit 1 stands for sponge 
rubber, digit 2 for cored foam, digit 3 
for uncored foam, and digit 4 for ex- 
panded rubber. The second digit in- 
dicates the degree of firmness. 

The suffix letters following the 
digits indicate special properties such 
as flame resistance, low temperature re- 
sistance, and so forth. 

Compressibility as defined by the 
ASTM is the range of force, expressed 
in pounds per square inch, required to 
compress the material 25 percent. 
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C NON-METALLIC MATERIALS AND FINISHES 


The softest cellular rubber is latex 
foam, from which pillows, mattresses, 
seat cushions, and some shock absorb- 
ing devices are made. Latex foams are 
made with a compressibility as low as 
0.10 to 0.15 psi. C ompression- deflec- 
tion curves are given in Fig. 2 for a 
soft and a medium foam. 

The firmest sponge given an ASTM 
rating is the ASTM Class 15 sponge. 
This requires a pressure of 17 to 24 
psi to obtain a 25 percent deflection. 


Properties of Sponge Rubber 

Some of the important engineering 
properties of sponge rubber are: Abil- 
ity to be compressed in one direction 
without being distorted in other direc- 
tions; becomes firmer as it is com- 
pressed; and ablity to recover after 
compression. 

The softest sponge rubber is ASTM 
Class 10, which requires 15 to 2 psi 
for 25 percent deflection. At the other 
extreme is ASTM Class 15 sponge, 
which requires 17 to 24 psi for 25 per- 
cent deflection, Although not given an 
ASTM rating, much firmer sponges can 
be manufactured if needed. Compres- 
sion-deflection curves are given in Fig. 
3 for a soft, a medium, and a firm 
sponge. The dash line indicates the 
softness of a soft foam rubber. Note 
that in Fig. 2 the force ranges to only 
3 psi, while in Fig. 3 it ranges to 40 psi. 

Since sponge rubber becomes firmer 
as it is compressed, its cushioning ac 
tion is soft at initial impact and gradu- 
ally offers increasing resistance to com- 
pression, thus preventing bottoming or 
bumping when a load is applied. The 
molded sponge rubber crash pad for 
automobile dashboards, Fig. 4, is an ap- 
plication where this property is re- 
quired. 

Many applications are found for 
sponge rubber where ability to recover 
after compression is needed. In testing 
R10 to R15 sponge rubber, specimens 
that received 500,000 compressions to 
50 percent deflection sustained a loss 
in height of but about 5 percent and a 
loss in firmness of not more than 25 
percent. In application tests, sponge 
rubber pads in electric vibrators and 
sponge rubber gaskets in automobile 
doors have been compressed to 50 per- 
cent of their thickness and held in that 
position for 48 hours and for 4 years. 
The loss in thickness after 48 hours 
was less than 5 percent; after 4 years, 
less than 25 percent. 

In many molded gaskets and seals 
for washing machine doors, cowl vents, 
and automobile trunks, a skin of 
mechanical rubber is applied to sponge 
rubber to add extra abrasion and water 
resistance. By compounding with dif. 
ferent synthetics, sponge rubber for 
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Fig. 2—Compression-deflection curves for a typical 
soft grade and a medium grade of foam rubber. 


Deflection, percent 


Fig. 4—Molded cellular rubber crash pad for automobile dash boards. 


Fig. 5—Valve cover molded from sponge rubber. Natural 
skin, insulates against loss of heat, prevents condensation. 


such parts can be produced that with- 
stands temperatures ranging from —90 
F to 600 F and in contact with aromatic 
or aliphatic oils and solvents 


Sponge Rubbers With Special 
Properties 

Special properties can be imparted 
to sponge rubber by choice of polymer, 
natural rubber or synthetic, and by 
compounding. Tensile strength, which 
in general for the same compound is 
a function of density, and elongation 
can be inc reased or decreased by choice 
of compounding ingredients. Oil re 
sistance depends on the polymer. Nat- 
ural rubber has poor oil 
Neoprene imparts resistance to aliphatic 
oils such as kerosene, gasoline, and fuel 
oil. The Buna N or nitrile rubbers im- 


Cn 


resistance 


part resistance to.the aromatics such as 
toluene, xylene, benzene, and aviation 
gasoline. Flame resistance is acquired 
by the use of neoprene with special 
compounding ingredients. 

Other properties that can be engi- 
neered into the compound are ozone 


and weather resistance, resistance to 
water, nonstaining to lacquer, and re- 
sistance to high and low temperatures. 
Rubber is naturally fungus and vermin 
resistant; under most conditions it 
needs no protective additives. 

Other properties can also be impart- 
ed to suit the application. Automotive 
gaskets must have the correct firmness, 
have an applied skin that is resistant 
to abrasion and weathering, be non- 
staining to lacquer, and have good 
cementing qualities. Reflector gaskets 


Fig. 3—Compression-deflection curve of foam rubber com- 
pared with similar curves for three grades of sponge rubber. 


in addition to having a low coefficient 
of water absorption must not cause tar- 
nishing. Gaskets for blood containers 
must not contain toxic or harmful in- 
gredients. 

Iron-lung gaskets combine several 
qualities not found in other materials 
These circular gaskets have a 2 in. dia 
hole in the center. The stock must have 
enough tensile strength and elongation 
to resist tearing when a man puts his 
head through the hole. The modulus 
of elasticity of the material must be 
low to cling firmly to the patient's neck, 
yet cause no discomfort or interfere 
with breathing. Because the stock is 
split in half and the skins cemented to- 
gether, the gasket is sufficiently im- 
permeable to air to maintain pressure 
within the iron lung. Also, the material 
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C NON-METALLIC MATERIALS AND FINISHES 


Table I—Coridensed Key to ASTM Systein for Specifying Cellular Rubber Compounds 


EXAMPLE: SC-12-CR 
Prefix 


medium oil resistance. 


Numeral 


..SC Indicates synthetic rubber compound having 


12 Indicates it is open cell sponge and can be 


Suffix 


Suffix 


compressed 25 percent by load of 7 + 2 psi. 


OIL RESISTANCE: Designated by Prefix Letters 


Designation 


me For application where specific resistance to petro- 
leum oils is not required. May be a compound of 


natural, synthetic or reclaim rubber or combina- 


tion thereof. 


For applications requiring low (ASTM D-471) 
volume swell in petroleum oils. Must be a com- 
pound of synthetic rubber(s). 


For applications requiring medium (ASTM D-471) 


Open 
Cell 
Sponge 
Rubber 


volume swell in petroleum oils. Must be a com- 


pound of synthetic rubber(s). 


SPECIAL REQUIREMENTS: Designated by Suffix Letters 


Designation Test Required 


Oven aging 
Compression set 
Weather resistance 
Special load deflection 
Oil aging 

Low temp (—40) 
Low temp ( —70 


"mogou» 


> 


Tear resistance 
Flexing 

Abrasion 
Adhesion 

Water absorption 
Flame resistance 
Impact 

Staining 
Resilience 


G 
H 
J 
K 
L 
M 
N 
P 
R 
Z 


*Test to be arranged between 
manufacturer and purchaser 


must contain nothing that would irri- 
tate the skin after prolonged contact. 

Sponge rubber tubing is used to 
cover water pipes in air conditioning 
systems. This tubing is soft and flex- 
ible; it slides easily over curves and 
bends in pipes or copper tubing. Its 
natural insulation value keeps the pipes 
from sweating. Closed cell tubing can 
now be made with a recently developed 
process. Molded sponge rubber parts, 
Fig. 5, are used to cover valves and 
other complicated shapes 


Effect of Temperature 
Ozone and heat enemies of 
sponge rubber. High temperature at 
first stiffens and hardens this material, 
thus increasing its tensile strength and 
decreasing its elongation properties to 


arc 


Closed 
Cell 
Expanded 4 


ASTM Test Rubber 


Procedure 


D573 
D395 
D1056 
D471 


Latex 
Foam 
Uncored 


Performance or special test 


Full discussion of the ASTM system and description « 
“ASTM Standards on Rubber Products,’ 


a certain degree, and then deterioration 
sets in. 

The low temperature characteristics 
of sponge rubber, which are important 
in military and aircraft applications, de- 
pend on the polymer and compound. 
Some types harden slowly as the tem- 
perature decreases; others harden 
quickly at definite temperatures. Still 
others harden with time, temperatures 
being constant. 

When protected from extreme tem- 
peratures, sponge rubber has a long 
life. In Fig. 6 is shown the slight dif- 
ference in compression-deflection prop- 
erties on some samples after being 
stored at room temperature for four 
years. 

High temperatures in general harden 
synthetics and soften natural com- 
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Designation 


Designation 


C Indicates it will pass a special weathering 
test set up by manufacturer and purchaser. 


R Indicates it meets resilience requirements as 
measured by ASTM D945. 


| CELL STRUCTURE AND FIRMNESS: Designated by 


Middle Numerals 


Compressibility, Ib to compress 1 sq. in 
25 percent, ASTM D1056-52T 


10 
11 
12 
13 
14 


15 


G b2 b2>° hQ e m 


41 
42 


44 


45 


G h32 h2 N — 


{ndention, lb to compress 50 sq. in 
25 percent, ASTM D1055-52T 


21 
22 
23 
24 
25 
26 
27 
28 


7215 


f test methods are given in 
American Society for Testing Materials 


pounds. Above 300 F, natural com- 
pounds become soft and tacky. For 
continuous use, a temperature of 175 F 
is the limit for standard natural com- 
pounds. The highest limits for specially 
compounded stocks are 225 F for con- 
tinuous use, and 300 F for intermittent 
usc. 

For higher temperatures, the differ- 
ent synthetics are available. In the inter- 
mediate range, polyacrylic rubber is 
preferred. Its cost, although more than 
that of natural, is less than that of 
silicone. For continuous use at 300 F, 
and for intermittent use at 350 to 400 
F, polyacrylic rubber is recommended. 
For applications above 350 to 400 F, or 
where cost is secondary, silicone sponge 
is mandatory 


Slicone sponge ombines the thermal 
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Fig. 6—Compression-deflection curves of unaged sponge 
rubber and after aging for four years at room temperature. 


40 


Table II—Dimensional Tolerances For Cellular Rubber Products 


| 


Tolerance, in. 


Form Thickness, in. 


plus 


minus 


Length and Width, | 


in 


Tolerance, in 


plus minus 


SPQNGE RUBBER 


Sheet and 
strip 


Up to 14 in. 
Over l4 in. 


Molded or 


special 


l4 in. and under 
l4 in. to 3 in. 
shapes 


6 in. and under 
6 in. to 18 in. 
Over 18 in. 

lí in. and under 
14 in. to 3 in. 

3 in. to 6 in. 

6 in. to 25 in. 
Over 25 in. 


EXPANDED RUBBER 


Sheet and 
strip 


Up to 14 in. 
3% in. to % in. 


34 in. to 1 in. 


stability of the silicones with the elas- 
ticity of rubber. Silicone sponge rubber, 
like other sponge rubber, can be cus- 
tom made for particular applic ations 
that call for special properties such as 
high-tensile, low-compression set, or 
temperature extremes. As with most 
materials, one quality is usually ac- 
quired at the loss of another. 

The compression set, that is, the per- 
cent height lost after being kept in 
compression, is a function of time and 
temperature. In the standard ASTM 
test, the sample is compressed 50 per- 
cent for 22 hr at 158 F. In such tests, 
the sets are but a few percent for nat- 
ural rubber. The amount of set in- 
creases slowly with time, but grows 
rapidly with heat as the limiting tem- 


Ci4 


6 1n. 
6 in. 


and under 
to 12 in. 
12 in. to 24 in. 
24 in. to 36 in. 
Over 36 in. 


perature is approached. The percent set 
can be decreased with special com- 
pounding. The high temperature poly- 
mers, polyacrylic rubbers, and silicone 
can be compounded to give extremely 
low sets at high temperatures. 

The standard synthetics stay fairly 
soft to —20 F and harden at —40 F. A 
specially compounded natural rubber 
at —70 F is soft and flexible. A recent- 
ly developed silicone sponge com- 
pound, EX9798, is practically as soft 
at —90 F as at room temperature. This 
stock hardens only slightly after 24 hr 
at 550 F, and can be used to 600 F 
intermittently. When brought back to 
room temperature, this sponge retains 
all its original properties. Likewise, 
after being held in compression at low 


Fig. 7—Effects of temperature on compression-deflection 
curves of a recently developed silicone sponge compound. 


temperature, this sponge returns to 
normal size when brought to room 
temperature. The compression-deflec- 
tion curves in Fig. 7 show the effects 
of temperature on this material. 


Expanded Rubber 


Although similar to sponge rubber 
in appearance and feel, expanded rub- 
ber has several distinguishing features. 
Its cells are noninterconnecting and 
filled with nitrogen, therefore, expand- 
ed rubber is permanently water rproof. 
This material is extremely light in 
weight, is verminproof, does not ab- 
sorb moisture or dirt, can be cleaned 
by wiping the surface, can be made 
oil-resistant and to have many of the 
special characteristics of sponge. Ex- 
panded rubber has compression values 
equal to those of sponge rubber twice 
the density. This property makes ex- 
panded rubber desirable for applica- 
tions where weight is an important 
factor, as in aviation. 

During manufacture, each closed cell 
is under internal pressure of gas. This 
gas diffuses through the cell walls, re- 
sulting in shrinkage. Most of this 
shrinkage occurs in the first few days 
after manufacture, therefore, material 
to be die-cut should be aged from 2 

) 4 weeks before cutting. Recently, a 
new process in manufacture minimizes 
this problem. Use of closed cell ex- 
panded rubber at high temperature or 
under severe compression is not recom- 
mended. 

As an insulation and buoyancy 
medium, expanded rubber is used for 
gaskets on wings and hulls of sea- 
planes and as water or oil resistant 
seals. This material is a good vapor 
barrier, is an excellent seal at lower 
pressures than open-cell sponge re- 
quires, and has high abrasion resistance. 
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Fig. 8—Floats of cellular ebonite used 
in carburetors, automatic filters, valves, 
and liquid level indicators. These floats 
are not hollow, therefore, they cannot 
leak nor collapse. 


Cellular Ebonite 


Cellular ebonite is made practically 
only in expanded form. It is rigid, 
firm, light in weight, and resembles 
charcoal in appearance. It has a high 
structural strength-to-weight ratio and 
is reputed to be one of the strongest 
materials for its weight in commercial 
manufacture. Grades having a density 
as low as 5 lb per cu ft have a struc- 
tural strength of 25 psi. Strength in- 
creases rapidly with density; for a 
density of 15 to 20 lb, structural 
strength ranges to several hundred 
pounds per square inch. 

Cellular ebonite is to some extent 
thermoplastic; sheets can be post- 
formed by heating and shaping. It can 
be made resistant to oils, acids, and 
temperatures to 290 F. It does not dis- 
integrate, crumble, or become water 
logged, and except for prye dam- 
age, remains unimpaired indefinitely. 
Its light density makes it extremely 
buoyant. Its resistance to water retains 
this buoyancy indefinitely. Millions of 
disks have been used to form life rafts 
and mine-sweep floats. These floats lose 
little of their buoyancy when punc- 
tured. 

The resistance of cellular ebonite to 
solvents and strong acids permits its 
use in chemical tanks where other ma- 
terials would decompose, Fig. 8. One 
important application is in carburetor 
floats in aircraft and tank units burn- 
ing either regular or aviation gasoline. 

As insulation, cellular ebonite has a 
K-factor of 0.20 to 0.25. Sheets of this 
material between the inner and outer 
hulls of boats act as an insulation 
medium, while also fulfilling the major 
task of filling the empty space with a 
nonabsorbent material that adds buoy- 
ancy in the event of damage 

When compounded with thermo- 
setting resins, a hard lightweight ma- 
terial results that is inert to oils, most 
solvents, and acids. After being im- 
mersed for 72 hr under 30 psi pres- 
sure in a test fluid consisting of 40 per- 
cent aromatics and 60 percent di-iso- 
butylene, the weight gain of cellular 
ebonite is but a few milligrams. This 
material has been tested for 120 hr at 
200 F and 18 hr at 350 F without 
cracking or swelling. 


Expanded Polyvinylchloride 


Expanded polyvinylchloride is a rela- 
tively new material quite similar to ex- 


panded rubber but with special prop- 
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erties characteristic of the base ma- 
terial. The cells are usually closed. It 
can be made in densities as low as 3 Ib 
per cu ft. Like expanded rubber, it is 
waterproof, highly buoyant, and has 
high insulation value. It can be made 
fire-resistant and is resistant to many 
chemicals such as oils, gasoline, acids, 
and alkalis. Its resistance to sunlight 
and ozone is exceptional. Its elasticity 
is less than rubber and it has a high 
energy absorption value. 

One application of this firm ma- 
terial is an airplane ejector seat base, 
which absorbs the energy of impact 
loads without shattering or breaking. 
The low density of expanded polyvinyl 
makes it especially advantageous for 
airplane use. 

The medium grade of polyvinyl- 
chloride is used for floats by commer- 
cial fishermen. Because of its weather- 


Fig. 9—Base seal for an automobile 
lamp is custom molded cellular rubber. 
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ing resistance, the lief of this material 
is almost limitless. The soft grade is 
used for cushioning where its energy 
absorption is of value. 


CONCLUSION. Cellular rubber, with its 
many combinations of properties, is a 
versatile material for engineers. The 
properties of cellular rubber should be 
specified in accordance with the prefix 
letters, numbers, and suffix letters as 
given in the ASTM tables. If the prop- 
erties required are, not there, consult 
with the manufacturer who quite often 
can adapt a compound to fit particular 
needs. 

Because of the structure and proper- 
ties of cellular rubber, the dimensional 
tolerances required are greater than 
those needed for metals. The data given 
in Table II are a guide that covers 
products for general applications. 


Fig. 10—Molded cellular rubber weath- 
erstripping and seals for vehicle doors. 
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From Proposed ASME 
Standard Y14— No. 11 


Design Fundamentals for 


e Principles that can be applied to reduce mold cost, avoid uneven shrinkage, and minimize internal stresses. 


MOLDING 


BAAS 


SS SS SS 
X 


Q 
q 


Uniform thickness 
preferred 


Vorying thickness 
not recommended 


Minimum wall thickness for a compression molded part 
is 1/16 in.; for injection molded part a minimum wall 
thickness of 0.050 in. should be maintained unless = 
of plastic flow are short and high pressure is available. 
Walls of uniform thickness decrease the chance of uneven 
shrinkage and resultant internal stresses. 


—-R 


Ribs should be designed with at least two to five deg taper 
per side and with radii at the top and base. The rib width 
at the base should be 1/, the wall thickness; rib height 
should be 114 the wall thickness. Internal ribs and bosses on 
thin wall sections that cause flow lines or sink marks on 
the outer surface can be concealed by decorative ribbing, 
as shown in right sketch, or by using two smaller ribs. 


Boss height should not be more than twice its diameter. 
Where high bosses are required, they should have at least 
5 deg taper per side and radii at the top and base. High 
bosses formed in the upper part of a mold tend to trap 
gases that reduce density and strength of the part. To 
eliminate machining the faces of bosses to obtain a flat 
mounting surface, three bosses can be used instead of four. 


No groft 


' 
A 
A 
Lr. 
P 


referred 


/ 
/ 


Not recommended 


Draft may vary from V4 to 4 deg per side depending upon 
the length of draw, surface area, type of material, and 
method of ejection. Sufficient draft must be allowed on all 
surfaces in the direction of the draw to ease ejection of 
the part from the mold and to protect the surface. In special 
instances where no draft is permitted, it should be specified 
by a note on the drawing to the affected surface. 


Radii on all corners should 
be one-half section thickness 
but not less than 1/32 in. 
except for outside edges at the 
parting line, which are usu- 
ally sharp. Fillets at the base 
of ribs and bosses and on in- 
side corners facilitate the flow 
of plastic and reduce the con- 
centration of stresses at these 
points. The use of radii and 
fillets in the design may re- 
duce the mold cost, usually 
improve the appearance, and 
eliminate dust traps that make 
a part difficult to clean. Fillets 
gp at the base of small protrud- 
ing pin type inserts reduce bending and breakage of pins. 
Fillets minimize the shadows and flow lines of inside ribs 
and bosses of parts molded of the translucent plastics. 


Shorp corner 


Flash or parting line 


A 


quires 


med by vé 
de core pin 4 


nold members 


^ 
5! 


Holes should be located perpendicular to the parting line to 
permit easy removal from the mold. Where possible, holes 
that are to be molded at right or oblique angles to each other 
should be avoided because split molds or molds with re- 
movable side core pins are more costly. The drilling of side 
holes, after the molding of the part, may be more economical. 
Forming side openings or slots as shown at B, can be used 
in the molding of thin hollow sections. 
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MOLDED PLASTIC PARTS 


e Techniques that can be adopted to speed assembly time and make possible production of complex shapes. 


v-4voíd long slender holes 
<--Mold and drill is better 
---Better proportion for holes 


be ' 
`x D F 
' 


Blind holes 


in. 
Min. Sidewall 
in 


Min. Hole Dia. 
or Width, in 
Thickness, 


Max. Hole 


Length, 


w 


@ UC G@ Q m 
YNNA A 


Blind holes 


MA = = 
` w 
one N 


Through holes 


Holes less than 1/16 in. dia are difficult to mold and are 
generally drilled. Long slender holes require thin mold 
pins. Long holes of small diameter may be molded for a 
short length and then drilled to the required depth. 

Recommended proportions for through and blind hole 
designs are given in the accompanying table. Core pins for 
through holes can be supported at each end, therefore, 
through holes are easier to mold than blind holes. Depth 
of blind holes should be limited to twice their diameter or 
to once their diameter for holes less than 1/16 inch. 


Section thickness between any two holes should be as 
large as design permits but not less than 1/8 in. Between 
a hole and a molded insert, section thickness should not be 
less than 1/16 in. Thickness of section between the surface 
of a wall and a hole of 3/32 in. dia or less should be at 
least one hole diameter; larger holes may have a lower ratio. 


Undercuts should be avoided in 
molded parts as they require split 
molds or removable core sections 
which are costly. Where undercuts 
are required, the designs should be 
reviewed to see if molding in 
two separate parts and as- 
sembling with fasteners is not 
more economical. If essential 
to mold undercuts, their de- 
sign and location should be 
considered in conjunction 
with the ease of removal of 
the part from the mold. 


Internol 
undercut 


Externol 
undercut 
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nserts looded in 
some holf of mold Requires inserts to be looded 


in both halves of mold 


Inserts should be of a design that permits both ends to be 
supported firmly in the mold. Inserts at right angles to the 
parting line simplify mold design. Where possible, all in- 
serts should be placed on the same side of the parting line 
as it is more costly to load inserts in both halves of a mold. 
Long slender inserts tend to bend or break off during the 
closing of the mold and should be avoided, especially in 
compression molded parts. When adequately supported in 
the mold, however, delicate inserts may be used in transfer 
and injection molded parts. 


Torsion only Torsion and tension 


Tension only 


Inserts should be firmly anchored in the molded part. A 
diamond knurled surface is good as it will withstand both 
tension and torsion loading. Grooved inserts should take 
tension only, while serrated units withstand only torsion. To 
ease the flow and to reduce stresses caused by shrinkage, 
the ends and grooves of inserts can be chamfered or rounded 


T 


D 
Over 4 


Support of an insert by the plastic material requires that 
the amount of material around the insert be as large as 
the design permits and not less than that shown. Rod and 
wire types should be imbedded to a length equal to twice 
the diameter. The blind end should not be too close to a 
wall as a blister may form. Minimum section thickness be- 
tween a hole and a molded insert should be 1/16 inch. 
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Design Fundamentals for MOLDED PLASTIC PARTS — Continued 


MOLDING —continued 


Preferred Acceptable Preferred 


Protruding portions of an insert should be round. 1/32 in. between the edge of the knurl and the edge 
This design is easier to clean of flash, and its corre- of the part will reduce or eliminate flash. The pre- 
sponding hole in the mold is less expensive to form ferred designs shown give the best seal against the 
than square or hexagonal shapes. Plain shoulders of flow of plastic when molded. 


Parts Made of Laminated Plastic Stock 


Laminated plastic ° š 
In laminated parts (left), the load «-- Lominated plastic 


— — — carrying member should be supported ` 
on cach end. Holes should be placed — — 
as far as practicable from the edge of I 
mn tee the laminated material to prevent 


breaking or fracturing. The one diam- Contilever load 
eter spacing, as shown, is the minimum 

recommended for edge clearance. 

Where cantilever loading (right), 

cannot be avoided, the distance from 

the edge to holes should be as great as 

the design will permit to prevent the 

laminated material from tearing or 

breaking. A minimum of one inch is 


5 tee! support 


recommended for edge clearance. n 


M 


Preferred 


m j 


Not recommended 


Laminated material can be punched in thicknesses up 
Drilling and machining at right angles to the lamina- to 1⁄4 in. Paper base laminates can be sheared in thick- 
tions avoids splitting the layers. Where these operations ness up to 1/16 in. and most fabric base materials up 
are unavoidable, and are parallel to the laminations, a to 1⁄4 in. Minimum hole clearance should be 3 times 
cloth base laminate should be used. the stock thickness for all materials. 
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ASSEMBLY 


Tbrougb boles in the 

molded part will allow 

screws, bolts, or studs to 

be inserted and secured 

in tapped holes of ad- 

jacent parts or with nuts 

or other fasteners. Solid and tubular rivets and eyelets may 
be used for permanent assemblies. 


Self-tapping screws can be used for 
i parts that are seldom disassembled. 
i <o These screws are driven into plain 
PZA holes that are molded to the proper 
. e diameter for a given screw. Screws 
A driven into blind holes should have 
an engagement length of 11/ times the 
screw diameter. 


Drive screws may be used for per- 
manent installations. These are usu- 
ally driven into molded holes of suit- 
able diameter for a given screw. The 
drive screws used in plastics vary in 
diameter from 1/16 in. minimum to 5/16 in. maximum. 


Macbine screws can be used for as- 
semblies that are limited to light loads 
and infrequent disassembly. Threads 
must be tapped. Molded threads should 
be avoided for these assemblies. 


— 
= 


AY 


Threaded inserts which lock in place instead of molded-in 
inserts, in certain applications, can be more economical. 
These inserts protect the plastic threads and permit dis- 
assembly. Types used are: A) self-tapping insert with a 
threaded hole, and B) special wire coiled to a given thread 
pitch before it is screwed into a hole tapped in the plastic. 


Helical thread - -- 


Either internal or external 
threads can be molded. These 
are generally more expensive 
to form than other threads be- 
cause of the method of remov- 
ing the part from the mold. 
Generally, only coarser pitch- 
es are molded. 
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Shrink fit of two plastic parts, one on 
the other, is another assembly method. 
Close control of the molding technique 
is required. Plastic parts may be shrunk 
on metal parts. The metal part is usually 
knurled where shrink fitted parts must 
not be free to turn relative to each other. 


Press-in inserts, These can be used 
to assemble parts that are molded 
of thermoplastic materials that are 
not too rigid. They should be con- 
sidered only if other assembly meth- 
ods and molded-in units are not 
practical or economical For good 
anchorage, the insert should have a 
serrated or knurled surface. 


y, 


Spring type metal hinges and clips are used 
to fasten two plastic parts or a molded part 
to one of metal. These items fit into recesses 
or over bosses of the molded part. 


oem 
Stud clips and retainers can also 
be used as fasteners. Pressing a fetainer__ 
spring clip over a boss will hold w 
two parts together. A retainer /nsert 
may be pressed into a hole of a 


molded part to hold two parts 
together as shown. 


c [Ee SD Ee 


Before forming After forming 


Heat forming can be used to join certain thermoplastic 
molded parts to metal parts by reforming the plastic part 
under pressure with a hot punch at assembly. 


Cement applied here 


Adhesives and cements can be used to 
fasten plastic parts where the loading is 
light. Care must be exercised in the se- 
lection of cement because certain solvents 
may cause cracking, crazing, or discolora- 
tion of the bonded plastic parts. 





Effect of Surface Shape 


n Distribution of 
ickel Plate 


IN PLATING functional or decorative 
parts to obtain bright finishes, the cop- 
per-nickel-chromium or nickel-chro- 
mium systems are used on steel parts 
and die cast parts; and the chromium 
flash is used on stainless steel. The sys- 
tems selected to plate parts of these 
various materials should permit the de- 
signer to achieve a uniform appearance 
in an assembly of such parts. 

The chromium plate affords little 
corrosion protection to a steel or die 
cast part. The chromium is used pri 
marily to prevent tarnishing of the 
nickel undercoat. If the part is made 
of stainless steel, chromium plate pre- 
vents tarnishing, which would cause a 
decided change in color and a mismatch 
with the other plated parts. 

Nickel provides the corrosion pro- 
tection needed to maintain an attrac- 
tive appearance. As deposited, its ten- 
sile strength and As ien properties 
are sufficient to resist most damage 
The corrosion protection obtained is 
directly proportional to the thickness 
of the nickel deposit. For optimum 
economy of nickel and protection, it 
is important that the coating on the 
part be of uniform thickness. When 
the coating is nonuniformly distributed 
in areas of thick and in others of very 
thin nickel layers, corrosion will first 
occur in the thin nickel areas 

Because of the inherent porosity in 
thin nickel deposits, a minimum thick- 
ness of 0.001 In. is required to avoid 
pin holes, although a greater thickness 
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may be required to withstand environ- 
mental attack. The ideal condition 
would be to plate parts with nickel 
so uniformly distributed that the aver- 
age thickness and the minimum thick- 
ness necessary to withstand satisfac- 
torily anticipated environmental attack 
are equal. 

To determine the effect of part shape 
on the distribution of nickel deposit, 
a number of fundamental shapes, Figs 
1 through 17, were formed, plated, 
and the thickness of deposit measured 
on representative areas. 

A panel of each fundamental shape 
was formed in mild steel shim stock 
having a width of 6 in. and a thickness 
of 0.010 in. The lengths of the test 
panels were not uniform. Those repre- 
senting sections of parts ranged in 
length from 8 to 10 in; other panels 
ranged from 5 to 8 in. An attempt was 
made keep the total areas of the 
sections about the same. 

Prior to forming, the shim stock 
was carefully checked for uniformity 
of thickness. Since the stock could not 
be bent to a perfectly sharp angle, all 
angles formed in the test panels had a 
small radius at the apex. Each panel 
was stopped off on the back before 
plating. 

The formed panels were plated in a 
bright nickel bath, which was oper 
ated under recommended conditions. 
An anode to cathode distance of ap- 
proxim. itely five inches was maintained 
The relative position of the anodes re- 


mained the same. The panels formed 
to show the effect of angles were plated 
on a plastic fixture that maintained the 
angle desired. 

After plating, a strip one-half inch 
wide was cut top to bottom from the 
center portion of each panel. Thickness 
measurements were taken over the areas 
of these tabs with a dial indicator, 
which was set at zero with a piece of 
bare shim stock so that thickness of 
the plated layer could be read di- 
rectly. Plate thickness was also meas- 
ured with a mic roscope equipped with 
a filar eye-piece. 

Using these measurements, full 
scale drawings of each shape were 
made. On these drawings, to show the 
effects of plating distribution, the 
thickness of the nickel layer was drawn 
at p 310 magnifications. 

The effect of shape on nickel dis- 
tribution applies to both steel parts and 
zinc base die cast parts. To conserve 
nickel and to obtain the optimum cor- 
rosion protection from an all-nickel 
coating, the part must be designed so 
that nickel lost in buffing can be held 
to a minimum. The base metal should 
be polished and buffed before plating 
so that the least amount of buffing the 
nickel plate will be required. 

Complicated shapes are difficult to 
polish and their appearance is poorer 
than shapes of simple design that are 
easy to polish. In addition, complicated 
designs require more nickel to obtain 
equal corrosion resistance. 
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Averoge 


/. NN [ = 5,23 
min minimum 


Fig. 1—Surfaces meeting at angles of 120, 90, and 60 deg. 
Thinnest nickel area is at the junction of the surfaces. The 
ratios given are less than they would be if the bends had 
been sharper. As indicated by the ratios, it is desirable to 
have surfaces meet at a large angle. 
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Mox mum, L8 mils 


Minimum, O.4 mil 


Average, 0.9 mil 


overage 


minimum 


Fig. 2—Cross section of a part that has no 
sharp angles; general contour is a series of 
smooth curves. Note that the nickel layer is 
thinnest in the two depressed areas. Ratio of 
average to minimum thickness shows the ef- 
fect of the protruding and depressed sections 
on distribution of nickel plate. 


Moximum, 1.6 mils 


Minimum, 0.4 mil 


Average, 0.9 mil 


: overage 
WO. ee 
fra * minimum 


Fig. 3—Section with one depressed 
area in the face instead of two as 
in the section of Fig. 2. Note that 
the ratio for contour of Fig. 2 and 
that of Fig. 3 are the same. 


Moximum, 2.6 mils 


Minimum, OQ ./ mil 


Average, 0.9 mil 


overage _ 
Hofio, ————— = 90 
' minimum 


Fig. 6—Maximum thickness is near 
the outer corners; the minimum 
is in the corners of the central re- 
cessed portion. The ratio of 9.0 in- 
dicates this is an unfavorabe design. 


Maximum, 2.1 mils 


Minimum, 0.5 mil 


Average, /.O mil 


average 


Ratio "29 


? minimum 


Fig. 4—Shallower recesses in the 
face of the part result in smaller 
ratio that indicates a better distribu- 
tion of the nickel plate. Ratio of 2 
is obtained with this shape of part. 


Moximum, 3.2 mils 


Minimum, 0.2 mil 


Average, /./ mils 


average _ 
Fotio, ——— 


' minimum 


Fig. 7—Ratio is improved and min- 
imum thickness of layer is double 
that of the section of Fig. 6. A 
0.0002 in. thick nickel plate, how- 


ever, will not prevent corrosion. 
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Maximum, 1.4 mils 


Minimum, 0.6 mil 


Average, /./ mils 


overage 
Ratio, —— =/8 


" minimum 


NN 


Fig. 5—Effect of a more circularly 
shaped part with one recessed area 
near the upper part of the section. 
The ratio of 1.8 is the most favor- 
able of any of previous sections. 


Maximum, 2.5 mils 


Minimum, O.! mil 


Average, 0.8 mil 


overage 


Ratio, = 8.0 


minimum 


Fig. 8—Depressed area that con- 
tains a fairly large angle. Ratio of 
8 indicates that this design would 
not be desirable from the stand- 
point of uniform distribution. 





Maximum, 2.! mils 


Minimum, O.5 mil 


Average, I.5 mils 


. overage 
fatio, — —— 
minimum 


Fig. 9—Design is undesirable: It 
is not economic in the use of nickel; 
projections at the corners must be 
buffed for the sake of appearance. 
In buffing operation, a good portion 
of nickel is removed from the part. 


Average, /2 mils 


roge 
Ratio, ——— — - 
minimum 
Fig. 12—Ratio of 2 and the mini- 
mum thickness of 0.0006 in. makes 
this shape more desirable than the 
section of Fig. 11 where the surface 
is depressed on one side of the part. 


Maximum, 2.3 mils 


Minimum, 0.8 mit 


= 3.0 


Maximum, 3.1 mils 


Minimum, Q.8 mil 


Averoge, /.3 mils 


. overoge 
Ratio, dtd as 


Fig. 10—Nickel distribution on a 
closed rectangular section. The 
build-up of nickel at the corners of 
the part is evident. Compared with 
the section of Fig. 9, however, the 
thickness ratio is more favorable. 


Moximum, 2.7 mils 


Minimum, O.7 mil 


Average, 1.4 mils 


overage 


Rotio, minimum 22.0 


Fig. 13—Distribution of nickel 
plating thickness on a curved sur- 
face. In this distribution, the mini- 
mum nickel thickness happens to 
be one-half of the average. 


Moximum, 1.7 mils 


_ average 

PRofio, ———— 

minimum 

Fig. 11 —Compared with the section 
of Fig. 10, the thickness ratio is 
very undesirable. The minimum 
thickness of nickel is at the central 
part of the depressed area where the 
two flat surfaces meet at an angle. 


Moximum, 2.2 mils 


Minimum, Q.! mil 


Averoge, O.8 mi 


. QOVveroge 
sig — 8 2.0 

minimum 
Fig. 14— Compared with the section 
of Fig. 13, the addition of the flat 
extensions increased the ratio. Coat- 
ing would likely fail at junction 
where nickel thickness is smallest. 


Maximum, /|.8 mils 


Minimum, /.5 mis 


Minimum, 1.0 mil 


Average, 1.2 mils 


Average, 1.3 mils 


Ratio, LA = /.6 
minimum 
Fig. 15—Distribution of nickel 
plating on a distorted elliptical 
shape. Nickel distribution is not pre- 
cisely uniform, but there are no 
areas of low plate thickness. 


Ratio, 9e. uto 
minimum 
Fig. 16—Average to minimum 
thickness ratio is favorable. Designs 
having this general shape are de- 
sired both for corrosion resistance 
and for facility in plating. 
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Average, 1.6 mils 


average 
minimum 


Ratio, =/.06 


Fig. 17—Plating on a circular part. 
Distribution of nickel is uniform. 
The value 1.06 obtained for the 
average to minimum thickness ratio 
closely approaches the optimum. 





Fig. | 
Cooling Cycle of Porcelain Enamel on iron 


es S oa of cooling 
(900°F) 
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Porcelain enamel in compression 
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OA room temperature ---~ V a —— 
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Fig. 1—Change of shape in a strip of iron that is enameled on one side only 
while cooling from the softening temperature of the enamel to room temperature. 


Design for 


Porcelain Enameling 


E. E. BRYANT 
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OUTSTANDING PROPERTIES of porce- 
lain enamel coatings include durability, 
heat and corrosion resistance, stability 
of color resistance to moderately high 
temperatures, ease of cleaning, and re- 
sistance to abrasion. The glass coating 
can also be formulated to produce 
properties such as special resistance to 
acids, mild alkali, long-term resistance 
to weather, or resistance to extreme 
temperature. 

Formulation of the glass for porce- 
lain enamel must be adjusted to within 
an acceptable range of physical prop- 
erties as required for specific uses. The 
properties that must be considered are 
ability to expand, temperature required 
to fuse the glass into a coating, water 
solubility, compatibility with the base 
metal and other glass formulations, and 
retention of glass properties after being 
repeatedly heated to temperatures 
above the softening point. 

Ability to expand is important since 
the glass enamel must yield with the 
metal Fit of the enamel to the metal 
is not a condition of freedom from 
stress. Since glass is weak in tension 
and compartively strong in compres- 
sion, the desirable fit is one in which 
the glass layer is under compression 
and the metal under tension. 

The expansion of enamel with in- 
creasing temperature, and its contrac- 
tion with decreasing temperature, is 


more rapid than that of iron in the 
upper range of temperature near * 
softening point of the glass. In Fig. 1 

is shown the characteristic action that 
occurs when strips of iron enameled 
on one side only are cooled from the 
softening temperature of the enamel to 
room temperature. The converse is 
true during a reheating cycle. 

The enamel glass must fuse into a 
coating at a temperature dictated by 
the ability of the metal base to hold its 
shape at elevated temperatures. The 
demand for enamels that fuse at low 
temperatures results from the advan- 
tage that may be obtained by using 
light gage metal, which has little 
strength at elevated temperatures and 
needs little support during the fusing 
operation. The limits of temperature 
at which the glass must fuse into a 
coating are determined not only by the 
metal but also by the shape of the piece 
and the support used during firing. 

Parts that are to be processed must 
be designed to hold their shape when 
heated to enameling temperatures. Any 
corner or break in the contour of a 
part must have a radius large enough 
to prevent the enamel coating at the 
break or corner being forced away from 
the metal by compressive stress in the 
enamel. 

Enamels that wet and adhere to iron 
are generally dark in color because of 
their cobalt and nickel oxide content. 
Since these coatings usually serve as a 
base for subsequent coatings, they are 
called ground coat enamels. 
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White, colors that cannot be ob- 
tained in one coat, and quality finishes 
are usually applied as cover coats over 
a blue ground coat. The cover coat 
must have the desired qualities of ap- 
pearance and be compatible with the 
ground coat to achieve a satisfactory 
covering. Cover coat formulations are 
not generally of a type that will pro- 
duce a satisfactory coating over nor- 
mally prepared iron. Most formulations 
are satisfactory for use on sandblasted 
stainless steel. On special types of iron 
or after special treatment of certain 
grades of iron, however, one of many 
cover formulations can be applied as a 
one-coat finish. 

Sheet iron of low-carbon comtem, 
low impurities, and free of inclusions 
and laminations, serves as a base for 
most commercial porcelain enameling. 


Sheet Iron Shapes 


SELECTION OF SHEET IRON tor pur- 
celain enameling should be based on 
the following considerations: 

A. Composition and Quality: 

Low carbon content. 

Freedom from harmful gases 
in the iron. 

Structure should be free of 
slag inclusions, laminations and 
segregation of carbides that 
cause excessive amounts of hy- 
drogen to collect during por- 
celain enameling. Enameling 
trials may be the only method 
of complete evaluation. 

Freedom from solid inclusions. 

Freedom from variation in 
composition or structure from 
sheet to sheet. 

Uniform surface texture. 

B. Drawing and welding properties 
necessary for fabrication of the partic- 
ular part. 

C. Gage of iron must be sufficient 
to give the desired strength during and 
after enameling. The size, shape and 
support of the piece (during firing 
and as assembled) and firing tempera- 
ture determine the gage — 

D. Sag-resistance of the iron must 
be sufficient to hold the shape during 
firing. High firing temperatures re- 
quire iron of good sag-resistance. The 
shape, the support during firing and 
requirements for obtaining exact di- 
mensions after finishing also influence 
the necessity for this qualification. In 
general the "enameling grades" of 
iron have high sag-resistance. 

E. Flatness of sheet as required by 
the dimensional tolerance allowed i 
the finished part. 


DESIGN OF PARTS should follow these 
general rules: 
A. Avoid small radii that are to be 


covered with enamel. Surface tension 
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Shorp 
corner 


Poor design 


Fig.2 


Coat stretched thin by surface fension-, 
Porcelain coat- 


~-Steel 
Porcelain coat-- 


Exaggerated section of 
shorp corner when 
porcelain enameled 


Not less 
than Yo in. 
preferably © 
% in 


Radius 
‘snot less 
than 


Good design 


Fig. 2—Surface tension of enamel when molten draws the coat thin over sharp corners 
with resultant overfiring. Corner radius over enamel should be not less than 3/16 in. 


for proper coverage if burning and overfiring are to be prevented. 


both edges and 
through joint to 
opposite side 


Correct for welding 
Metal can flow off 


"Wrong for welding 
Welder will flow meta/ 
from edge of plate 
leaving seam open 
on inside 


Peening weld with a 
hammer hghfens 
metal in panels and 
decreases hairlines 


Fig. 3—Correct and wrong designs for welded corner joints for porcelain enameling. 


of porcelain enamel at the firing tem- 
perature pulls the coating away from 
a sharp corner. Compression in the 
coating tends to force it from an edge. 
The minimum radius for a surface 
break, or corner to be enameled is 
5/16 in. Larger radii are desirable to 
increase the resistance to fracture. 

B. Sheared edges cannot be com- 
pletely covered with enamel. For good 
appearance, therefore, it is preferable 
that parts be so designed that flanges or 
edges are hidden in assembly. The nor- 
mal sheared edge of a finished part 
shows dark and has a slag-like coating 
that gives some protection from cor- 
ey 

Flanges on panels are necessary 
to kold the part flat while firing, par- 
ticularly when holes for hanging are 
not allowable in the flat panel. An 
extra-heavy gage of iron is required 
when flat (not flanged) parts are to be 
fired on pin supports. Panels may keep 
straight -during firing if they are sus- 
pended on hooks, therefore, holes 
properly located in the panels may be 
an advantage. 

D. Uniformity in cross section is 
desirable to avoid temperature differ- 
ences when the part is heated. Causes 
of non-uniform heating are: 

(a) Extra thickness of metal 
where strips or lugs are welded to a 
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panel. Perforations in the area where 
lugs are in contact with the sheet help 
to reduce cold spots caused by lugs. 
Strips attached to a panel must be of 
light gage (V2 as thick as panel) to 
avoid buckling between attachment 
spots. 

(b) Shapes such as return-flanges 
that prevent equal radiant heat from 
reaching all portions of the part. The 
apron on the front of a bathtub is an 
example of a very large return-flange. 
Unequal heating is mostly caused by 
the surface under the flange being pro- 
tected from radiation. Some differences 
in heating, however, may be caused 
by large concentrations of metal in 
one area of a formed part; for example, 
a bathtub with an apron, where the 
weight at the front side is twice as 
much as that at the back side of the 
tub. 

(c) The edges of a flat panel heat 
faster and the corners heat more 
slowly than the center of formed 
panels, therefore, symmetrical shapes 
are preferred. Nonuniform heating 
causes deformation of parts and sub- 
sequent enameling defects such as 
tearing, hairlining and spalling. 

E. Allow for bowing effect when 
enamel is applied in two coats on one 
side of a part and in only one coat on 
the opposite side. In such designs, the 


greater compression in the enamel on 
the side having two coats tends to de- 
form this side into a convex surface. 
Making side that is to receive two coats 
a concave rather than a flat surface 
often counteracts bowing effect. 


Welding and Metal Preparation 


In designing welded sheet iron parts, 
effort should be made to conceal the 
welding so that the visible porcelain 
enamel surface need not be produced 
over the weld. 

The general specification for a weld 
is a continuous uniform metal condi- 
tion equal to that of the sheet iron. 
Any sharp edges or roughness at the 
welded area must be smoothed by 
finishing. Electric seam-welding is used 
on light gage for long seams. Resis- 
tance or spot type welds are proposed 
as best for small attachments or on a 
heavy gage of metal. Flame- welding, 
using rods of the same composition as 
the iron, with a neutral flame and no 
flux, should prove satisfactory. Arc- 
welding is not generally satisfactory on 
account of the inclusion of fluxes, scale 
and nonuniformity throughout the 
weld. Submerged arc welding is satis- 
factory. Welds must be free from 
blow-holes, slag or scale inclusions, and 
be continuous through iron section. 

Since the surface of the iron must 


Product Engineering — 1955 Annual Handbook 





C NON-METALLIC MATERIALS AND FINISHES 


Weld ot oll . 


-.Nadius R Correct fype of 
four corners 


cutout --- 
€ Wot less than */, in 
+ preferably l/o in 


^ 
Notch te weaken 


assembly flange so that 
bending assembly 
strains are not 
carried through 
fo radius 


74 in. min. radius - - - - 


Cutout with sharo corners 
-..8xlending info corner weakens 
flange, chipping and hairlirung 
will probably result 


Assembly 
flange 


Fig.5 


Fig. 4—Assembly flanges on porcelain enameled parts should be weakened by notches 
so that bending strains will not be transmitted to panel surface. Fig. 5—Sharp right 
angled cutouts weaken flange and cause chipping. Corners of cutouts should be rounded. 


Open end flange 
on long pone/ 
does not provide 
means for 
maintaining 

90° angle during 
fring 


This type of 
support on long 
panel is nof 
strong enough 
to maintain 

90° angle dunng 
firing 


Correct design 

of flange on 

long pane! for 

retaining position 

while firing 
AzBzC 

A should not be less than D/3 


be + 


Fig. 6—Incorrect and correct methods of stiffening flanges at corners on long parts to maintain desired flange angle. 


be clean for satisfactory application of 
porcelain enamel, removal of foreign 
material from the surface is an impor- 
tant operation. 

To permit drawing and many form- 
ing operations, a lubricant or drawing 
compound is required on the surface 
of the iron. Organic oils or oil soaps 
are commonly used as lubricants. These 
compounds must be of types that are 
easily removable with conventional 
solutions employed in cleaning and 
pickling operations. Pigmented lubri- 
cating materials, such as those that con- 
tain graphite or zinc, are not easily re- 
movable. 

Many organic oils and soap films re- 
act with the iron when stored, parti- 
cularly when moisture is present. In 
this reaction, films of insoluble iron 
salts are formed that cannot be re- 
moved with conventional cleaners. 

Drawing compounds when heated 
may also form non-cleanable deposits. 

An alkaline soap solution at boiling 
temperature will remove most rust-re- 
sistant coatings and lubricants. Al- 
though it is not economical, annealing 
the iron at a temperature that will burn 
off the coating and produce an iron 
scale will insure removal of the organic 
materials. 

When lubricants and rust preven- 
tives are removed from the surface, it 


is mecessary to remove rust and scale 
and etch the surface, which can be 
done with an acid pickle. A light coat- 
ing of nickel is often applied by chem- 
ical reaction with a nickel sulphate 
solution. The etch of the metal and the 
nickel flash on the surface assist in 
the subsequent adhesion of the enamel 
glass to the iron. 

Iron that has been cleaned is subject 
to rapid attack by rust, which of course 
is detrimental to the enameling oper- 
ation. An alkaline dip following the 
prior treatment will neutralize any acid 
remaining and offer some resistance to 
rusting during storage. 

Dinges, bent flanges and slightly de- 
formed parts can be peened out or 
straightened with judicious use of 
hammers, anvils and bending tools. 

Welds, scratches and some wrinkles 
can be removed by metal finishing 
with abrasive wheels or disks. A very 
coarse abrasive will give a rough finish 
that may be noticed in the enamel 
finish; while a polished surface pro- 
duced with very fine abrasive, particu- 
larly when done following the pick- 
ling, may produce poor adherence. The 
binder and backing used in wheels and 
disks are of importance since any or- 
ganic material that sticks to, and is 
later fired into the surface of the metal, 
will cause enameling difficulties. 
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Cast Iron Shapes 


The quality of cast iron for por- 
celain enameling is dependent upon 
molding and casting practice as well 
as composition of iron. A generally ac- 
cepted analysis of iron is: 


PERCENT 
2.50 
0.70 
0.60 
0.08 
3.00 
0.40 


Silicon 
Phosphorus 
Manganese 
Sulphur 

Free Carbon 
Combined Carbon 


Before enameling, cast iron should 
be sand-blasted to produce a deeply 
etched clean surface for coating. 

Design of cast iron parts for por- 
celain enameling should be directed 
toward achieving a uniform cross sec- 
tion so as to facilitate uniform heat- 
ing of the part during firing. Edges to 
be enameled should have a minimum 
radius of 3/16 in. The lightest-weight 
uniform cross-section casting that will 
hold its shape during firing is the most 
desirable for enamel processing. 


ACKNOWLEDGMENT: The author ex- 
presses his appreciation of the courtesy 
extended by the Enamelist Publishing 
Company in permitting portions of 
the book “Porcelain Enameling Opera- 
tions” to be presented in this article. 
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Developments to Watch 


THERE IS APPARENTLY no let 
up in the rate of development of new 
plastics and other synthetic materials 
including the elastomers. It is now re- 
ported that there have been developed 
fluorocarbon and fluoracrylic elastomers 
that are able to withstand tempera- 
ture extremes between the range of 
—40 and 500 F without excessive 
losses of strength properties. In addi- 
tion, it is said that these new high 
temperature elastomers can withstand 
immersion in organic solvents, hydro- 
carbon fuels and synthetic lubricants. 

However, these high temperature 
elastomers are outdone by phenolics 
and silicones which substantially re- 
tain their properties over the tempera- 
ture range from —60 to 700 F. 

Some of the most striking develop- 
ments in the field of plastics have been 
obtained by copolymerizing. Thus, as 
has been done with polystyrene, rigid 
PVC is being copolymerized with rub- 
ber to form a new group of high im- 
pact resistant thermoplastic materials 
that can be produced in a broad range 
of colors and that possess excellent 
chemical resistance. These materials 
are already finding considerable use in 
the design of ducting and housings. 

Foamed rubber has been able to 
hold its position as a preferred mate- 
rial in automotive cushions. However, 
there has now been developed a new 
family of plastic materials known as 
isocyanates which is offered to replace 
foamed rubber. These materials are 
highly flexible or elastic and are 
“foamed in place.” The materials are 
also available as rigid foams, adhesives 
and as molded parts. Because of a high 
abrasion resistance, the materials are 
expected to find use in applications 
such as molded gears and bearings. 


IRRADIATED PLASTICS AND 
ELASTOMERS . .. A number of 
materials in this classification have 
been introduced over the past year and 
it is expected that there will be more 
developments from this direction. Ir- 
radiated polyethylene, which is the 
forerunner of other irradiated mate- 
rials, possesses increased temperature 
resistance. The irradiation process used 
to vulcanize rubber without heat, is 
one of the latest developments. It is 
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also expected that the irradiation proc- 
ess applied to liquid monomers will 
eventually be successful in producing 
high polymers without the necessity 
of complex high pressure equipment 
such as is required in the manufactur- 
ing process being used today. 


SINTERED NYLON POWDER... 
It is not surprising that the unusual 
properties of nylon has led to the de- 
velopment of a nylon powder pressing 
process. Sintered nylon powder parts 
produced by powder metallurgy tech- 
nique has been successfully carried out. 
Such nylon parts are much lighter than 
metal powder pressings and have ex- 
cellent abrasion and corrosion resist- 
ance. The nylon parts are also charac- 
terized by exceptionally low coefficient 
of friction even when the surfaces are 
not lubricated. The material itself has 
a certain amount of lubricating 
properties. 

The nylon powder pressings can 
also be made as mixtures of nylon 
with other materials in order to accen- 
tuate certain desired properties. For 
example, adding to the nylon powder 
90 percent of its weight in graphite 
or molybdenum disulfide will produce 
parts that have exceptionally slippery 
surfaces, that is, an extremely low co- 
efficient of friction. The addition of 
silver powder, lead powder, copper 
powder, diamond dust or metallic 
oxides in powder form contribute 
other sometimes desirable properties. 


SYNTHETIC FIBERS AND 
YARNS ... Fabrics woven of syn- 
thetic fibers are not new, but more and 
more styles of such fabrics are being 
developed. The introduction of fluoro- 
carbon plastic fibers and yarns, for ex- 
ample, has vastly broadened the field 
of application of this material These 
plastic fibers are now woven into 
fabrics that have exceptional chemical 
resistance and that are used as filtering 
media in the chemical processing in- 
dustries or as sealers. 


FINISHES FOR REINFORCED 
PLASTICS Reinforced plastics 
have been handicapped in many pos- 
sible applications by the fact that it 
has been extremely difficult and ex- 


pensive to give them a good surtacc 
finish that is permanent and attractive. 
This has been the stumbling block to 
its wider use in automobile car bodies 
and appliance housings. There is now 
under investigation a new finishing 
system that is expected to offset these 
limitations and which will permit the 
application of mass production finish- 
ing methods to reinforced plastics and 
obtain surface finishes of practically 
unlimited qualities. 

Another factor that has hinaereu 
the general adoption of reinforced 
plastic constructions is the necessity 
of mixing the ingredients and of im- 
pregnating on location prior to mold- 
ing. This difficulty has now been 
overcome by the introduction of pre- 
impregnated sheet laminates that are 
ready for molding and thereby will 
put reinforced plastic sheet construc- 
tions on a production level comparable 
to metal sheet fabrications. 


GLASS FIBER LAMINATES FOR 
SHELL STRUCTURES . A re- 
cent comprehensive study of glass 
fiber laminates for the manufacture of 
shell structures points up some of the 
advantages possessed by these laminates 
over metal or wood construction. Such 
shells may be simple pipes, cylindrical 
containers or types of structure where 
a continuous outer surface, possibly 
reinforced by interior structural mem- 
bers, is subjected to lateral, bending 
and torsional loads. 

Glass fiber laminates made by low 
pressure molding of glass fiber cloth, 
rovings, or mats by use of alkyd-sty- 
rene resins or other type resins, ac- 
cording to the report, offer the follow- 
ing advantages when compared with 
metal or wood for such shells: 

Tool and die costs are lower than 
those for metal construction. 

While forming of sheet metal into 
shapes of compound curvature involves 
the use of high pressures and results 
therefore in forming internal stresses 
in the metal sheet that may have to 
be relieved by heat-treatment before 
assembling such metal parts, the form- 
ing of the individual layers of the 
glass-cloth or mat is done without de- 
forming the material. 

Metal shells must be made by close- 
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ly adhering to minimum bend radii, 
to avoid cracking of the material, 
while the bend radii of glass-fiber 
laminates may be in the order of 1⁄6 
to 1⁄4 in. for a laminated thickness of 
V4 in. or more. Thus reducing local 
bending stresses and eccentricities. 

The material of glass-fiber shells 
can be readily distributed to avoid 
stress concentrations, which means that 
a thicker shell can be built at points 
of high stresses and a gradual thinning- 
out is produced from such points to- 
wards sections that are lightly loaded. 

In most shell structures, the stresses 
created by external loads are not the 
same in all directions. Metal tubes or 
cylindrical shells must, of course, be 
designed to take care of the maximum 
stress, while the glass-fiber laminates 
can be designed to give the ideal com- 
bination of allowable stresses in ac- 
cordance with the axial and circum- 
ferential forces. By use of a higher 
percentage of glass-fiber in the direc- 
tion of the higher forces, and a corre- 
sponding lower percentage of glass- 
fiber in the direction of the lower 
forces, a circular shell may be designed 
which will be by approximately one- 
fourth lighter and  proportionally 
cheaper than the one built of the 
same number of glass-fiber layers in 
both directions. 

The glass-fiber laminate does not 
corrode and does not require any pro- 
tective finishing other than that de- 
sired for appearances; and it is highly 
resistant against alkalis and acids. 

Glass-fiber laminates have an ex- 
tremely low thermal expansion co- 
efficient and are dimensionably stable 
under varying heat and moisture. 


POLYETHYLENE TERE- 
PHTHALIC MATERIAL .. . Poly- 
ester films of various types are now in 
commercial production and will soon 
be available in a number of gages and 
three distinct types, each of which is 
basically the same. One of these poly- 
ester films, Mylar, is made from poly- 
ethylene terephthalate. This is a 
polymer formed by the condensation 
reaction between ethylene glycol and 
terephthalic acid. 

In addition to its toughness, dur- 
ability, impermeability to many gases 
and extraordinary electrical properties, 
this material is particularly noted for 
its retention of flexibility and stability 
over a temperature range from —76 
to 302 F. 

Mylar in combination with asbestos 


paper, mica mat, or glass cloth, makes 
available for selection by the design 
engineer a wide range of electrical in- 
sulation materials. Electric motors are 
being designed with slot and phase 
insulation and laminates of Mylar. The 
tensile strength of this film is about 
one-third that of a high grade steel. 
It can be produced in gages as thin as 
1/4000 of an inch and because of this 
extremely thin insulation, the motor 
space permits extra turns of wire and 
thus higher horsepower for the frame 
size of the motor. Or conversely, the 
motor can be made smaller for the 
equal horsepower produced. Similarly, 
capacitors, transformers and other 
electrical equipment are using Mylar 
primarily because this exceptionally 
high insulation material requires no 
impregnation. 

Vapor barriers for hot or cold pipes 
can now be made of aluminum foil 
or kraft paper that is laminated to 
Mylar. This material can also be lami- 
nated to acoustical tile. The film is 
impervious to soap and water and thus 
the surfaces can be cleaned very easily. 

Properties of the polyethylene 
terephthalic material include specific 
gravity 1.38 to 1.39; tensile strength 
17,000 to 25,000 psi; tear strength 
lower than polyethylene but greater 
than cellophane or acetate film; impact 
strength three to four times that of 
any similar film; shrinkage at a tem- 
perature of 150 C is less than 5 per- 
cent but all the shrinkage takes place 
in the first ten minutes. Once the 
material has been shrunk at this 
temperature, it retains that level of 
dimensional stability. Moisture ab- 
sorption is less than 0.3 percent, which 
is extremely low in comparison to 
acetate film and is somewhat higher 
than the moisture absorption of poly- 
ethylene. The material has a high 
degree of impermeability to water 
vapor but it is not quite as good in 
that respect as is moisture proof cello- 
phane or polyethylene. The material 
has marked resistance to oils, greases, 
solvents, lard, motor oil and vegetable 
oils. 

Foamed vinyl sheet is now available 
in quantities and it is expected in some 
quarters that the foamed vinyl plasti- 
sols will soon be replacing foamed 
and sponge rubber in many applica- 
tions. The vinyl foam has already 
proven itself to be an excellent gasket- 
ing material and is being used to some 
extent already on applications such as 
refrigerator access panels. For this 
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application, liquid vinyl plastisol is 
expanded by heat during the curing 
process and provides not only a better 
seal than its predecessor material bu 
it has also been proven to be mort 
economical in this application. 


PLASTIC PIPE ... Extruded pipe 
made of polyethylene and cellulose 
acetate butyrate are getting to be by 
far the most widely used synthetic 
pipes. However, there is a great deal 
of activity among extruders and pipe 
makers and the expectations are that 
pipe will become one of the largest 
outlets for plastic materials. In one of 
the newest developments, rigid vinyl 
is still in the development stage in the 
United States, although it has success- 
fully been used in Europe. 

Fibrous glass pipe, in which the 
fibrous glass is treated with polyester 
resin, is not yet a major production 
item but experimentation in this di- 
rection is going on extensively because 
of the huge market potential for a 
good leakproof, shatterproof, chemic- 
ally-resistant fibrous glass pipe. The 
biggest potential customer for rigid 
thermoplastic pipe is considered to be 
the oil industry. For use in the oil 
field the sour crudes, paraffin and brine 
induces corrosion in most other ma- 
terials The principal problem to be 
overcome in this field is to design 
plastic pipe that can stand up under 
the pressures required. This problem 
will have to be solved before there 
can be any universal use of plastic 
pipe in the oil industry. 

Teflon tube reinforced with a 
braided jacket of stainless steel wire 
seems at the moment to be most 
promising for the solution of the 
above stated problem. This design of 
pipe is capable of withstanding not 
only high heats and the corrosive 
chemicals generally encountered in the 
oil fields, but it is also capable of 
withstanding extremely high pressures. 


THERMOPLASTIC SHEET 
MATERIALS . . . Plastic sheets are 
being developed in new forms. This 
development is being spurred by the 
introduction of the vacuum forming 
process in which the plastic sheets are 
vacuum formed against the desired 
surfaces. The application of this new 
process has opened many new avenues 
for thermoplastic sheet materials and 
hence it could be logically expected 
that there will be many new and star- 
ding developments in this field. 
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MYCALEX 400 
Optically flat surface 
14" diameter Disc 


Insulator Plate 
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MYCALEX 400 


MYCALEX glass-bonded mica 
is the unique CERAMOPLASTIC 


MYCALEX glass-bonded mica has ceramic rigidity, much 
of ceramic temperature endurance, plus greater dimensional 
precision than any plastic or ceramic; MYCALEX glass-bonded 
mica can be molded and machined like a plastic. Dimensional 
stability and temperature endurance are superior to any plastic, 
and complex insert inclusions can be tightly molded. Incorpor- 
ating the best features of both ceramics and plastics plus some 
special ones of its own, MYCALEX glass-bonded mica is the 
unique ceramoplastic. 


PROPERTIES 


9 Electrically stable; properties are unvarying with age. 
9 Low electrical loss. 

0 High dielectric strength. 

9 High arc resistance — cannot carbonize. 


€ Can be machined, ground or lapped to as close tolerances 
as any metal. 


0 Permanent dimensional stability. Free from warpage, cold 
flow or age distortion. 


@ Unaffected by humidity — zero moisture absorption. 
9 Impervious to water, oil, organic solvents. 

6 High temperature endurance. 

€ High thermal shock resistance. 

@ Inserts may be included in molded grades. 

@ Resistant to radiation effects. 


NOTE. The MYCALEX glass-bonded mica materials, designated below, are all exclu- 
sive formulations of and manufactured only by the Mycalex Corporation of America. 


THERE ARE DIFFERENT GRADES FOR DIFFERENT PURPOSES 


Continuous operat- Continuous operat- 


not Continuous operat- A new superior Machinable capaci- 


ing temperature 
limit 650°F. This 
grade of MYCALEX 
glass-bonded mica 
is moldable with 
or without inserts. 


ina temperature 
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higher dielectric 
constant indicated 
by K numbers such 
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World's largest manufacturer of glass-bonded mica products- Owners of MYCALEX patents and trade-marks 
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Under exclusive license of Mycalex Corporation of America Under exclusive license of 
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could provide the mechanical, SHIELD BASE TYPE 
y g 


dimensional and electrical prop- Top Mounting 
erties that such precision prod- 
ucts require, 


SNAP SADOLE TYPE 


n 
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These tight inserts will take re- 
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balance of insulating properties of MYCALEX glass-bonded mica are nomical and effective ways to employ our products in 
employed. Tight inserts eliminate corona and produce tight seals. your designs. Address requests to J. H. DuBois, Vice 
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the quality of the engineering service offered, without obliga- MYCALEX glass-bonded 
tion, to our present and mica.” A complete file of 


Data Sheet MYCALEX 
SINCE 1919 potential customers. k ù x kira 


Executive Offices: 30 ROCKEFELLER PLAZA. NEW YORK 20, N. Y, 


« Address inquiries fo 


General Offices and Plant: 66-A CLIFTON BLVD., CLIFTON, N. <J. 





FROM BLUEPRINT TO 
PRODUCTION IN 48 HOURS... 


with vacuum formed 


CAMPCO $-300 


High Gloss Sheet 


With simple vacuum-forming equipment you can literally 
jump from drawing board to low-cost plastic products . . . in 
a matter of hours! However, the trick until now, has been how 


to give vacuum-formed products a lustrous, high-gloss finish. 
Pilot production mold for drawer 
shown cost only $25. Mass produc- 
tion metal mold less than $500, 
and only three days to build. 


The answer—Campco S-300. This tough, lightweight sheet has 
a gleaming finish (exclusively ours) that is comparable with 
the finest injection molded products. And forming actually 
improves its finish! 


— You can form this new styrene-rubber sheet 


SIZES: 

Width — between 20” and 58” 

Length — any desired length in 2 
increments. 


RESISTANCE TO CHEMICALS: 
Alkalies—good Ethyl! Alcohol 
Salts—good —Slight 


with low-cost dies of wood, sprayed metal or 

Essential Oils 
—Slight to 
severe, de- 


plaster. Even complex shapes can be made 
attack 


Gauges — from .005" to .125” 


COLORS: 

Full range, translucent or opaque 
FINISHING: 

Campco $-300 may be biocked, 
punched, sowed and sheared. Us- 
vally conventional sheet metal 
equipment will work with little or 
no modification. 


SURFACE FINISH: 

Campco S-300 sheet con be sup- 
plied in ony of three finishes 
GM — One surface, porceloinlike, 
high gloss — the other matte 
PM — One surface polished, 

the other motte 
MM — Both surfaces matte 





Dilute Mineral 
Acids—good 
Lower Alcohols 
—good 
Woter—good 
Minerals—fair 
Vegetable 
Oils—fair 
Alcohols—good 
at room 
temperature 


Gasoline— 
Slight attack 


Ketone— 
Soluble at 
high tem 
perature 

Glacial Acetic 

Acids—Severely 
attacked 

Oxidizing 

Acids—Slight 
attack 

Chlorine 
— Softens 

Bromine Water 
— Softens 


pending on 

concentro- 

tion 
Acetone 

— Soluble 
Toluene 

— Soluble 
MEK — Soluble 
Carbon 
Tetrachloride 

— Soluble 
Benzene 

— Soluble 


WEATHERING CHARACTERISTICS: 


Campco S-300's stability to light is very good; 
exposure to outdoor weather and sun- 


however, 


shine over prolonged periods is not recommended 


CAMPCO pivision 


of CHICAGO MOLDED PRODUCTS CORPORATION 


2731 NORMANDY AVENUE, CHICAGO 35, ILLINOIS 





. on simple machines . . . at high speed. It’s 
easily embossed or deep-drawn. Can be 
printed, painted, or laminated. All the ad. 
vantages of vacuum-forming plus a porce- 
lainlike finish to give your products real 
eye-appeal and sales appeal. Send for full 
details on Campco S-300. If you would like 


samples, please specifv size and thickness. 


NOTE: Write for particulars on Chicago Molded's 
unmatched custom molding services for plastics of 
all kinds. 
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From PLAN to PRODU 


in PLACTICS and RUBBER 


— — 


INDUSTRIAL PRODUCTS DIVISION 


A Production Team...At Your Service 


The General Tire Industrial Products Division is a production team . . . a team dedi- 
cated to the custom design and production of your products. We have the talent. We 
have the experience, and we have the equipment to follow through on your ideas . 
from blueprints, through samples and testing, to scheduled delivery. 


Production methods in our three big modern plants are flexible and can be readily geared to meet your quantity 
requirements on a quality basis. Currently, we mass-produce over 3,000 custom-made parts, designed by engineers 
to solve special problems . . . in rubber, plastic, and bonded rubber-to-metal parts. 


Our customers are in every field of industry — automotive, aircraft, petroleum, household, electrical appliance, 
telephone, textile, and farm and road machinery. Every day these customers depend on General's experience and 
productive capacity. The result of this trust is our fine reputation throughout industry for close cooperation and 


engineering liaison, quality work, and on-scheduie deliveries. 


Specialized design, development, and quantity production — this is the centralized package service the General 


production team can add to your operation. 


WABASH, INDIANA 


LOGANSPORT INDIANA 


. Molded, extruded rubber 

. Extruded plastics . Silentbloc shock mounts 

. Rubber-to-metal bonding . Silentbloc vibration mounts 
í. Lathe-cut rubber parts ). Silentbloc bushings, bearings 

. Hydraulic brake parts . Oil, hydraulic seals 

. Acid drums and containers . Metal stampings 

. Chemically-blown sponge rubber . Rubber-metal assemblies 


. Tool-and-die making . Glass-run channel 


SEE PAGE 2 SEE PAGE 3 


ION NDIANA 


. Plastic-reinforced fiberglass parts for 


aircraft, automobile, farm machinery, 
appliance, and communications 
industries 


. Latex foam mattresses, upholstering 


. Moltopren Foam 


SEE PAGE 4 


LET GENERAL TIRE HELP SOLVE YOUR PROBLEMS 





Wabash, Indiana 


Buy Right From the Blueprints 
and Get Good Delivery on Custom 
Molded and Extruded Rubber 

and Plastic Parts 


General's engineers are old hands at solving intricate mold 
and die problems in rubber and plastics. They know what 
rubber and plastics will do . . . and what they can do for 
your product. 


Give us the facts on your design or production problems, 
and give us a chance to show what superior talent and 
experience can do for you. There is no charge for pre- 
liminary engineering analyses, and all information is held 
in strictest confidence. 


Das @ 


At Wabash, headquarters plant of General’s In- 
dustrial Products Division, your custom molded 
and extruded jobs can command whole batteries 
of equipment — calenders, mills, presses, extrud- 
ers, and cutters, all manned 24 hours a day by 
experienced production personnel. 


I g 
wy 


k , 
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í 
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We do our own compounding, too. The rubber 
or plastic recommended for your product by our 
chemists and engineers is "mixed" to exact speci- 
fications. 

Exhaustive pre- production tests of these com- FIRST FAMILY OF QUALITY PRODUCTION 
pounds eliminate costly trial-and-error, and speed 


i The famous General Tire oval incorporated in the 
development work. 


' i i Industrial Products Division trademark identifies us 
2 —— epe — * as a member of The General Tire & Rubber Company 
— — S wen» family. It carries with it the responsibility for the 
com-made pm "m field of industry . . . same integrity and high quality as the parent organ- 
——— y — ization . . . and the same assurance for our customers. 





Logansport, Indiana 


MOTION CONTROL 
BY GENERAL SILENTBLOC 


Whether it calls for shouldering a few pounds or standing 
up under several tons, we have the proven vibration con- 
trol units to bring quiet, more efficient performance wher- 
ever there's motion. Silentbloc mountings, bushings and 
bearings can be designed and manufactured for your specific 
application. 


For a quick appraisal of your problem, send us your require- 
ments on your company letterhead. No obligation is in- 
volved. A complete catalog covering all of General's motion 
control units is available on request. 


INSTRUMENT | , BUSHINGS .. . to correct mis- 
MOUNTS ... to j alignment, to reduce noise, and 
' to provide for oscillatory mo- 


protect delicate equip- 
tion. Lubrication-free. 


ment from external —_ 
vibration and mild — $ ! f , BEARINGS . . . to reduce 
shock. UO E — noise, correct misalignment, and 


absorb shock. 


SPECIAL ... Special units can 
be designed and manufactured 


to meet your special problem. 
NT 


TT 
MACHINERY MOUNTS ...to damp vibration and ab- 
sorb shock for heavier machines and equipment. 


Logansport is the hub of our big vibration amd shock-mount 
operation. 

Here, General-designed equipment turns out your difficult rubber- 
metal vibration and shock mounts on a high-speed, low - cost 
volume basis. 

Close-tolerance mounts for every conceivable use, regardless of 
size, are delivered to automotive, aircraft, electrical appliance, and 
farm machinery assembly lines all over the nation . . . right on 
time. 

Our vibration and shock mounts are installed as original equip- 
ment or placed under installed machinery, to prolong the life 
of your most delicate instruments or to smother noise of your 
largest of production units. 

A completely equipped stamping operation, along with our tool- 
and-die works, means lower costs on component metal parts, too. 
Presses run up to 500 tons. 





Marion, Indiana 


General's Custom-Molded Plastic Reinforced Fiberglas 


Our big Marion, Indiana plant is one of the most modern plants in the 
huge foam and reinforced plastics industries. 

'The range of glass laminate products that can be produced here is limited 
only by your imagination. 

Current volume production includes aircraft parts, automobile body sections 
and station wagon trim, household appliance parts and other parts calling 
for tough maintenance-free qualities with high surface appeal. 

With reinforced plastic, our engineers have helped many manufacturers 
redesign for lighter weight, lower costs and greater product efficiency. They 
know what this new material will do, and what it can do for your product. 
You are assured of our closest personal interest in helping you find the 
right solution to your plastic reinforced fiberglas design and development 


problems. Write today. 


PLENTY OF ENGINEERING HELP ON YOUR PROBLEMS... 


BECAUSE YOUR PROBLEMS ARE OUR BUSINESS 


General's large staff of the world’s finest chemists and 
engineers is ready to help you on any phase of the 
development and design of your rubber, plastic, and 
bonded rubber-to-metal parts. 


Our engineers know what rubber and plastics will 
do, what they won’t do, and how they can be used to 
do your job better. 


Using this special knowledge and experience, we will 


work closely with your own engineers . . . to give 


you greater product efficiency at measurably lower 
costs. 


General engineers have designed many new products 
for our customers, and you are assured of our closest 
personal interest in helping you with your develop- 


ment projects. 


Inquiries are welcome, with no obligation to you. All 


that’s necessary’ is a letter. 


THE GENERAL TIRE & RUBBER COMPANY 


Industrial Products Division . . . Wabash, Indiana 





Amazing new Polystyrene can be expanded to shape 


Koppers Expandable Polystyrene 
makes tough foam that insulates, floats. 


€ New Koppers Expandable Poly- 

styrene looks like granulated sugar 

But, when a handful of it is poured 

X into a simple mold and heated, the 

Making a Mountain | polystyrene rises to fill the entire 
out of a Molehill ^ dum. cavity. It forms millions of small 


Before nd fidt wajit» plastic cells, all joined together to 
sion—this small pile of make a tough, strong foam. Open the 
expandable polystyrene mold and you have a foamed poly- 
granules has been blown 
up about 30 times its i i 
original size. The weight | i of the shape and density desired. 


styrene piece, smooth and light and 
remains the same. By controlling the quantity of poly- 
styrene placed in the mold you can 
vary the density and the physical 
properties of the expanded plastic to 
meet your needs. 

Koppers Expandable Polystyrene 
is shipped in bead form. As a result 
the freight costs are 85% less than 
expanded plastic planks and sheets. 

Koppers Expandable Polystyrene 
can be molded or extruded into a va- 


riety of shapes for low temperature 


* 


insulation — refrigerators, freezers, 
| 935994 9 NM 


” air conditioners and piping. Also, 
this new polystyrene is just the thing 
for life rafts, buoys, packaging, toys 
and displays. Use it in products that 
need insulating properties, buoyancy, 
strength, smooth surfaces, low water 
absorption and precisely molded 


contours. Write for more information. 


Koppers Plastics Make Many Products Better and Many Better Products Possible. 


ES 


KOPPERS 
w 


KOPPERS COMPANY, INC., Chemical Division, Dept. PEH-5, PITTSBURGH 19, PENNSYLVANIA 
SALES OFFICES: NEW YORK * BOSTON * PHILADELPHIA * ATLANTA * CHICAGO * DETROIT * LOS ANGELES 
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Giass 
, by Corning 


0 fers these 


& advantages 





Signs, clock dials in permanent 
photosensitive glass 





Corning lenses give accurate color signals 


1 Ð permanent finish 


Corning improved glass compositions withstand 
weathering, chemical attack, high temperatures, 
abrasion, and other adverse conditions. Glass does 
not rust or discolor. It retains its high luster. 


The practical, permanent finish of glass is rendered 
in functional, pleasing designs. 
The surfaces of Corning glasses remain nonab- 


sorbent, nonporous, liquid smooth—easily cleaned, 
quickly sterilized. 





» controlled transparency 


Corning techniques produce a wide range of glass 
compositions that permanently retain their original 
color and clarity. 


Corning production methods maintain uniformity 
in transparency, piece after piece, year after year. 
Specific optical characteristics may be obtained by 
means of glass compositions or by lens design. 


You can clean PYREX pipe in place 


Corning lightingware distributes 
light correctly 
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Corning reflector sealed to both Glass enclosure protects delicate 
glass and metal electronic elements 


3) hermetic enclosure 


Glass alone or in combination with metal may be 
utilized for many hermetic sealing applications. 
Corning research has developed special glasses for 
glass-to-metal fusion sealing. 

Special metallized parts permit simple, soldered 
seals. 


UNA LÀ Loon 


E-C glass radiant panel in portable E-C industrial heating panels are 
space heater easy to handle 


a) electrically conductive coatings 


Corning-developed electrically conductive coatings 
fired on glass afford a highly efficient source of 
radiant energy. This is called Pyrex brand E-C 
glass. 


Provides uniform distribution of long wave length 
heat which is readily absorbed by most materials. 


Corning radiant glass panels are compact, easy to 
clean, durable. E-C coating can be applied to 
tubes and other shapes as well as flat panels. 
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How Corning balances 
the properties of glass to 


meet special requi rements 


In selecting glass for regular production, 
Corning recognizes the importance of at- 
taining the most practical balance of prop- 
erties — chemical, physical, mechanical, 
and optical—in relation to the intended 
application of the particular piece. 

For example, the composition for 
PYREX gauge glasses used in steam plants 
must resist high temperatures as well as 
severe thermal shock. It must be suitable 
for additional strengthening to resist high 
pressures. It must have high resistance to 
steam attack and must remain clear even 
when it finally becomes eroded. 

The balancing of properties to get such 
results must be weighed against cost, 
availability, and production problems. 

Corning research assures the product 
designer that he will get the definite and 
fine balance of properties that may be 
necessary to meet his specific application 
requirements. 


Please turn the page for the other 
4 advantages Corning glasses offer. 





Industrial 


PYREX brand glass pipe is durable A glass pump built for rugged service 


Glass 


durability 
Ep Cornin Corning glasses achieve durability through care- 
V e3 fully designed balances of mechanical, electrical, 


and chemical properties. 
The close correlation of form and shape to meet 
E } M» the exact requirements of special service condi- 
O JIers tł lese . tions also contributes to durability. 
` 
And advanced manufacturing techniques checked 


fi advantages by progressive quality control maintain durability 


consistently. 


(See the two previous pages 


for advantages 1, 2, 3 and 4) 


PYREX brand sight glasses for VYCOR brand glassware for 
ovens, furnaces extreme temperatures 


e^ 


6 > heat indifference 

In some compositions Corning glasses will retain 
their strength and finish at temperatures from 
900° F. to 1700° F. 


This heat indifference allows these glasses to with- 
stand sudden temperature changes 3 to 12 times 
greater than ordinary glass can withstand. 


Designs that reduce thermal stresses enhance a 
glass’ indifference to heat. 
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Metallized glass parts for FM and TV sets 


Bodies for high-voltage lightning arrestors 


Corning design services 


Glass has thousands of uses in product 
design. It improves the looks and perform- 
ance of many products. It makes possible 
otherwise difficult designs. It replaces 
more expensive materials. 

At Corning, your problem receives the 
attention of skilled engineers and tech- 
nicians with over a century's glassmaking 
experience to draw on. You get the bene- 
fit of the most modern and complete re- 


search, pilot plant, and manufacturing 
facilities. 


w 


7 jj electrical stability 


Corning has developed glasses for wide ranges of 
electrical properties, including high resistivity, low 
power losses, low and high dielectric constants. 


Glass has excellent nontracking properties and is 
completely nonabsorbent. 


Corning also maintains a storehouse of 
glass formulae (over 50,000 of them) 
with a wide variation in properties. Glass 
may be blown, drawn, pressed, chemically 
machined or cast in shapes. 

New glasses and new production meth- 


ods are developing so rapidly that it is 
important for you to check with Corning 
before your product reaches the blueprint 
stage . . . even if you are experienced in 
glass design. We invite you to get in touch 
with us at the home office in Corning, 
N. Y., or at our sales office nearest you. 


Corning can furnish glasses with special charac- 
teristics of high dielectric strength at high tem- 
peratures. 


How Corning technology can serve you 


RESEARCH. Your problem is care- 
fully analyzed. Glass composi- 
tion, chemistry, physics, optics 
colors—practically every branch 
of science plays a part in the 
selection of a glass that will 
meet your needs at lowest cost. 


PILOT PLANT RUNS. Corning 
maintains two pilot plants where 
test runs are made under full- 
scale manufacturing conditions. 


PRODUCTION FACILITIES. Cor- 
nings 11 plants make available 
the most modern machinery and 
methods fitted for the production 
of a wide range of glass products 
on an economical basis. 


Dependable tools for laboratory Inert PYREX containers protect 
researchers sensitive reagents 


8 ` chemical inertness 


Z 


Corning glasses resist most atmospheres and chem- 
icals even at elevated temperatures. 


CORNING GLASS WORKS 
v Corning, New York 


This chemical inertness prevents pitting, scaling, 
and rusting. 
Corning glasses retain their chemical properties — 
indefinitely. — New York 19, N. Y., 718 Fifth Avenue (tel: Clrcle 6-8224) 
Chicago 54, Ill., Merchandise Mart (tel: DElaware 7-6600) 
San Francisco 3, Calif., Merchandise Mart 
(tel: KLondike 2-2311) 
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continuing 
Firestone research 


is developing | S Y š the eve[- 


Tirestone 
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erowing line of Exon resins 
for shorter cuts to finer products! 


OUTSTANDING CASE IN POINT... 


EXON 402-4 


Developed through Firestone’s continuing research 
program, EXON 402-A offers unusual economy and ease 
of processing. Unplasticized PVC produced from it 
can be welded, sawed, sheared, stamped, milled, 
planed, drilled, embossed, rolled, cemented, molded 
. .. and is easily worked on conventional wood and 
metal working equipment. 


EXON 402-A has proven advantageous for use in un- 
plasticized compounds for rigid applications. 


CHOOSE THE PROPER FIRESTONE EXON RESIN 
»,. Gnd discover new advantages, new opportunities, new economies developed through Firestone Research? 


EXON 450 . . . a vinyl chloride copolymer of 
intermediate molecular weight for specialized 
solution applications. 


EXON 468 . . . a vinyl chloride copolymer of 
intermediate molecular weight for records and 
flooring. 


EXON 470 and 471... vinyl chloride copolymers 
for paints, lacquer and coatings. 


EXON 500...a high molecular weight polyvinyl 
chloride resin. Excellent electrical properties. 


EXON 654... a polyvinyl chloride plastisol resin. 


EXON 700 XR-59 . . . a latex containing a vinyl 
chloride polymer of high solids concentration. 


EXON $860, 863 and 872... a series of high im- 
pact modified styrene alloys. 


EXON 905, 915 and 925 . . . three fast fusing 
vinyl resins covering a processing temperature 
range from 275°F to 375°F. 


EXON 4000 Series . . . a group of unplasticized 
PVC compounds, based on Exon 402-A resin, 
for molding and extrusion. 


EXON 5000 Series . . . a group of vinyl com- 
pounds for the electrical trade. 


EXON 8000 Series . . . a group of compounds 
based on Exon 800 series resins. 


For complete information on the entire line of Firestone EXON Resins, 


call or write: CHEMICAL SALES DIVISION 
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Firestone Plastics Company, Pottstown, Pa., Dept. 6F D 


Division of The Firestone Tire & Rubber Co. 
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New Du Pont MYLAR offers 


KEG. U.S. PAT. OFF. 


— — 
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| ! Mis — | 


£ 


Ig 
V Strongest of all plastic films 
SR 


The tensile strength of "Mylar" is a flex tester, 45 lbs. of bursting 
23,500 lbs. per square inch—one-third ^ strength, and 18 grams in a tear tester 
that of mild steel—makes "Mylar" — adduptoanamazingly durable, tough 
the strongest of all plastic films. Its film. This unusual strength permits 
impact strength of 90 kgm-cm, its its practical use in extremely thin 
ability to withstand 20,000 cycles in gauges. 


= 
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Remarkable resistance to 
moisture and many chemicals 


“Mylar” is unaffected by and does acids, alkalis, and organic solvents 
not transmit oils, greases, or volatile have little or no effect on the film 
aromatics such as flavors and per- even after prolonged exposure. 
fumes. For a plastic film, it has excel- ^ "Mylar" is inert to water and highly 
lent chemical resistance . . . many — moisture-vaporproof. 


Applications for “MYLAR” Polyester Film 
ELECTRICAL — cable .. . capacitors... field coils... mica support ... electrical tapes... 
phase separators . . . slot liners. . . transformer coils... wire * NON- ELECTRICAL —. indus- 
trial laminations . . . base for metallic yarn .. . cap liners... steel and fiber drum liner .. . 


metalizing base...printed film for acoustical tile... decorative panels... protective film for 
thermal insulation . . . pressure-sensitive tapes . . . magnetic 


DU PONT “MYLAR” 


Polyester Film BETTER THINGS FOR BETTER LIVING 
..» THROUGH CHEMISTRY 
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unusual engineering possi 
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Outstanding dielectric strength 


The dielectric strength of Mylar” is 
4,000 volts per mil. It has a power 
factor of 0.003 at 60 cycles and a 
dielectric constant above 3.0 at 
most frequencies. The insulation re- 
sistance of ““Mylar’’ at 150°C. is 100 


| — 
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The thermal characteristics of "My- 
lar" are outstanding since within a 
temperature range of -60°C. to 150°C. 
(-78?F. to 302?F..), the film retains its 
functional properties. On the basis of 


| I! 
f I | 


Unaffected by temperatures 
from -60 7C. to 150 C. 


megohm mfds. It rises rapidly to 5,000 
megohm mfds. at 100°C. and about 
100,000 megohm mfds. at 25°C. 
The surface resistivity of “Mylar” is 
exceptionally high . . . 4.8X10" at 
100% relative humidity. 


— 


A 


— 


test results, a maximum operating 
temperature of 150°C. is recom- 
mended, although certain applica- 
tions have been reported operating 
satisfactorily at higher temperatures. 


_ 
| 
å 
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'The unique combination of properties offered by Du Pont 
“Mylar” polyester film is making possible improved 
products and lower costs in an amazing variety of fields. 
All the possible applications for this unusual engineering 
material are not now known. It may pay you to investi- 
gate in detail the properties of this new film. 


SEND FOR BOOKLET: To help you evaluate the advantages of 
“Mylar” for your product, this free booklet outlines the 
important properties of “Mylar”. .. and shows where these 
properties can be used to improve various industrial prod- 
ucts. Send coupon for your copy today! 
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Film Department, Room HP 
E. I. du Pont de Nemours & Co. (Ine) 
Wilmington 98, Delaware 


Please send me more information about Du Pont ''Mylar." 
Name 

Title 

Firm 

Street & No. 


OO -—————— 
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News about 


B. F. Goodrich Chemical .......... 


a 
ph m tr ae 
Wu osos). 
MIL Tren 


improves products... 


HYCAR 


advertising improves sales! 


HE 3 advertisements above are 
typical examples showing how 
parts made of Hycar helped im- 
prove products—in the aviation, 
dairy and petroleum industries. 
Advertisements like these aid our 
customers in improving sales in the 
fields in which they are interested— 
and demonstrate how Hycar builds 
business for Hycar users. 
Hycar American rubber has many 


GEON polyvinyl materials e 


C44 


HYCAR American rubber * 


uses in a broad range of industries. 
Hycar’s advantages—excellent 
molding characteristics, resistance 
to oil, gas, extreme temperatures 
and pressures, abrasion and many 
chemicals—may help you solve a 
tough problem or develop a new 
sales-maker. Forinformation, please 
write Dept. HU, B. F. Goodrich 
Chemical Company, Rose Building, 
Cleveland 15, Ohio. Cable address: 


GOOD-RITE chemicals and plasticizers e 


Goodchemco. In Canada: Kitch- 


ener, Ontario. 


B. F. Goodrich Chemical Company 
A Division of The B. F. Goodrich Company 


Hycar 


ice 


HARMON colors 
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SLIP-PROOF GRIPS are made by dip-coating shear 
handles in plastisols made of BAKELIrE Vinyl Dis- 
persion Resins. The firm, cushioning grips hold fast 
to metal... won't crack or peel in hard use. Tough 
and resilient, they resist abrasion, twisting, distortion 

. defy oil, grease, chemicals, water. By H. K. Porter 
Inc., Somerville, Mass. 


FISHERMEN BENEFIT írom this improved nvlon 
tapered line coated with plastisols made of BAKELITE 
Vinyl Dispersion Resins. The lightweight plastic coat- 
ing needs no treatment . . . yet will not absorb water 
while floating on the surface. It also protects against 
excess wear, giving the taper longer life. By Sunset 
Line and Twine Co., Petaluma, Calif. 


k 

> 
PROTECTIVE PLASTISOL COATING prevents gal- 
vanic corrosion between copper and aluminum con- 
ductors in the electrical connector. Plastisol coating 
based on BakEriTE Vinyl Dispersion Resins seals out 


* DOOR GUARD IS EXTRUDED plastisol based on Baxetrre Vinyl 
Dispersion Kesins. Fastened to stile and jamb, the plastic stripping 


covers the usual gap at butt side of door . . . prevents mashing of fingers. 


ELS n e NOE 
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Though this strip flexes and stretches hundreds of times a day, it won't 
crack or distort. It defies weather and sunlight without deteriorating or 
fading. By The Stanley Works— Magic Door Division — New Britain, Conn. Co., 


air and moisture . . 
ensure 


. withstands ravages of weather to 
long connector life. By Burndy Engineering 


z., Norwalk, Conn. 


Cut production time...boost sales appeal 


Take a look at these diverse products. 

Each uses fluid, fast-curing plastisols 
based on BAKELITE Vinyl Dispersion 
Resins differently. Each benefits in 
added sales appeaÍ and ease of produc- 
tion by the many useful properties of 
these easy-working materials. 

No special equipment is needed to 
fabricate these plastisols. They adapt 
to slush-molding, extrusion, dip-coating 
or pouring. They form under little or no 
pressure . . . cure at 350 deg. F 

Plastisols based on BAKELITE Vinyl 
Dispersion Resins are extremely faithful 


to intricate mold details. They give you 
a choice of either dull or glossy finishes. 
And any color can be obtained simply 
by adding pigment. 

The finished products are tough and 
flexible. Plastisols based on BAKELITE 
Vinyl Dispersion Resins resist abrasion, 
cracking, distortion and automobile en- 
gine heat. They defy strong chemicals, 
soaps, oils, greases s and corrosive atmos- 
pheres. Their excellent dielectric quali- 
ties are another major selling point. For 
the full story of BaxeLrre Vinyl Dis 
sion Resins, write to: Dept. X Y-10. 


Data courtesy of Stanley Chemical Company, East Berlin, Conn. 


SHELL MOLDS made with BaxeLrre Phenolic 
Resins are light in weight, speed handling. Accu- 
rately reproduce pattern details, cut machining 
and finishing. Can be stored to meet future pro- 
duction schedules. Made by The Cooper Alloy 
Foundry Co., Hillside, N. J. 


8096 SAVING in construction costs resulted 
from use of reinforced plastics — BAKELITE Poly- 
ester Resins and glass cloth—for this Navy bomber 
stinger tail. Seventeen feet long, it carries sub- 
marine detection devices. Made by Zenith Aircraft, 
Div. of Zenith Plastics Co., Gardena, Cal. 
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BAKELITE 


TRADE-MARK 


VINYL DISPERSION RESINS 


TRADEKCO J mark 


BAKELITE COMPANY 


A Division of 
Union Carbide and Carbon Corporation 


Maa 
30 East 42nd Street, New York 17, N. Y. 


WASTEBASKET molded of Baxetrre Polyethyl- 
ene is tough, resilient, lightweight. Won’t dent if 
dropped. Washable in soap and water. Comes in a 
variety of opaque colors. Resists chemicals, most 
acids, and alkalies. Made by Loma Plastics, Inc., 


Fort Worth, Tex. 
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Profit with papers by Mosinee 


FOR LAMINAT 


Mosinee impregnating papers replace 
steel — when treated with synthetic resins 
to form light, strong, better insulated 
refrigerator door panels. Mosinee works 
with many manufacturers to develop im- 
pregnating papers of quon qualities. In 
this case, characteristics desired are strength 
and moldability to take deep draws. 


FOR INSULATION 


Cable wrap of special Mosinee paper 
winds easily, twists un:formly. Mosinee 
moisture resistant, extra-strong, electrical 
cable wrap offers a plus value. Mosinee 
spec lint’ prodata controls insure uni- 
formity, minimize problems in high speed 
twisting and cable wrap operations. 
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Find out how you can get “MORE PROFITS with 
PAPER" — for laminations, insulation, packaging, 
protection, fabricating or processing 


"OR CONSTRUCTION 


Mosinee patented reinforced paper simplifies building 
construction. Easy to handle Mosinee reinforced papers with 
steel mesh reinforcing attached, replace wood forms for pour- 
ing lightweight concrete floors. This is only one of many 
instances in which Mosinee cooperated in developing new 
papers to improve processing or production. 


HAT's the theme of a growing number of con- 

cerns and industries who have worked with 
Mosinee experts. They've found Mosinee's more than 
a quarter century of experience particularly valuable 
in developing special papers to perform specific 
functions. They've discovered that Mosinee special 
papers help complete their product or process faster, 
easier and usually at less cost. 

If you'd like to get a general idea of how Mosinee 
special papers can be developed or adapted to solve 
your particular product, production or packaging 
problems — write or see your Mosinee representa- 
tive. Find out how you, too, can profit more with 


papers by Mosinee. 


MOSINEE PAPER MILLS COMPANY 
MOSINEE, WISCONSIN 


— specialist in industrial paper technology — 
makes fibres work for industry. 
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Improve your products... your production... 


with Taylor Vulcanized Fibre and Laminated Plastics 


The superior characteristics of these Taylor materials may 
prove the means of effecting savings in manufacturing costs and 


improvements in performance for the products which you’re making. 


Mi TAYLOR PHENOL LAMINATES 


A complete line of phenol laminates is 
available with a range of electrical, me- 
chanical and fabricating characteristics. 
Of particular interest for electronic appli- 
cations is the new ‘300’ series of hot- 
punch laminates, which have superior 
dielectric strength, low moisture absorp- 
tion, low power factor, and excellent 
punching and staking qualities. A new 
"400" series of cold-punch materials offers 
exceptionally low moisture absorption and 
high electrical properties . . . combined 
with easy cold-punching and cold-shear- 
ing. Other materials are available with 
paper, cotton fabric or mat, asbestos, 
glass fabric, or nylon fabric fillers. 


li TAYLOR INSULATION 


A specialized grade of vulcanized fibre, 
sometimes called “‘fish paper," particularly 
made for electrical applications. Excellent 
flexibility and bending qualities, high di- 
electric strength, and extreme toughness 
are its outstanding qualities. Available in 
sheets, rolls, and ribbon rolls for auto- 
matic machines. 


WE TAYLOR VULCANIZED FIBRE 


Made from hydrolyzed cellulose, this mate- 
rial is tough and dense. Its high mechan- 
ical and dielectric strength fit it for many 
structural and insulating applications. It 
has low thermal conductivity, is unaffected 
by most solvents, and withstands the most 
severe wear and abrasion. Only about half 
as heavy as aluminum, it is exceptionally 
easy to punch, machine and form. Avail- 
able in sheets, rolls, turned rods, and in 
built-up form up to 2” thick. Colors: red, 
black, gray and trunk colors. Grades: com- 
mercial, bone, super white, trunk and 
case, backers for drum sander and abra- 
sive disc, flexible, built-up. 


Mi TAYLOR COLORED POLYESTER GLASS ROD 


Available in a wide choice of bright colors 
and natural shades, polyester glass rods 
have countless applications in industrial 
and consumer goods. High strength, low 
weight . . . with excellent electrical prop- 
erties. Diameters 14” to 14”. 


lg TAYLOR SILICONE LAMINATES 


Woven glass fabric impregnated with sili- 
cone resin has excellent electrical and 
mechanical properties . . . low loss factor 
. ..resistance to acids . . . withstands tem 
peratures up to 500° F. 


Mi TAYLOR EPOXY LAMINATES 


Consist of continuous filament glass fabric 
impregnated with an epoxy resin. Good 
chemical resistance is combined with ex- 
cellent electrical and mechanical proper- 
ties and low moisture absorption. Avail- 
able in sheets and rolled tubes. 


Mi TAYLOR MELAMINE LAMINATES 


This series of laminates, made from glass 
cloth or cotton fabric impregnated with 
melamine formaldehyde resin, has espe- 
cially good arc resistance ...combined with 
high mechanical and dielectric strength. 
They are resistant to heat, flame, solvents 
and alkalis. Available in sheets, rods and 
tubes. 


d ENGINEERING AND FABRICATING SERVICES 


Taylor’s Fabricated Parts Division is fully 
equipped to manufacture parts to your 
specifications, from any of the grades of 
Taylor Vulcanized Fibre and Laminated 
Plastics. You'll find deliveries prompt . . . 
costs economical, 

Taylor engineers will be glad to assist you 
in the selection of correct grades and in 
the design of parts to obtain full utiliza- 
tion of the superior qualities of these 
versatile materials. Write today for full 
information. 


Taylor Fibre Co. + Plants at Norristown, Pa. and La Verne, California 


© Branch offices in Atlanta; Boston; Chicago; Cleveland; Dayton; Detroit; 
Indianapolis; Los Angeles; Milwaukee; New York City; 
Philadelphia; Rochester; San Francisco; St. Louis; and 
Tolland, Connecticut. Distributors in Grand Prairie and i i 
Houston, Texas; Jacksonville, Florida; New Orleans, Loui- Laminated Plastics 
Vulcanized Fibre 


siana; and Toronto, Ontario. 
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HANKSCRAFT 
VAPOR-MASTER 





Q ADJUSTMENT / 
PLATE ^ 
INSUROK LAMINATE 
Replacing a three-piece assem- 
bly, this plate is economically 
punched from an INSUROK lam- 
inate. Retains its insulating prop- 


erties under repeated cycles of 
moisture and heat. 


^ 
` 
° 
` 








— 


o O... QP: Qu 


MOLDED FABRIC-FILLED 
MOLDED PHENOLIC MOLDED PHENOLIC MELAMINE 





This molded phenolic base, in 
replacing porcelain, eliminated 


Molded from a phenolic plastic 
that possesses the high impact 
strength and light weight needed 
for this cover. It is capable of with- 
standing constant exposure to 


To withstand alternating cycles 
of boiling and cooling, a macerated 
cotton melamine was used. This 
material has high heat resistance, 
low water absorption, and high 
arc resistance. 


water leakage, breakage, and ex- 
cessive weight. Holds dimensions 
more closely. Molders marvel at 


its thin walls and deep draws. moisture and high temperatures. 


o INSULATING 
DISC 


INSUROK MELAMINE LAMINATE 

This punched INSUROK lam- 
inate provides high strength, ri- 
gidity, and heat resistance. Its 
resistance to arc tracking and its 
high dielectric strength prevent 
short circuiting. 


O 


MOLDED PHENOLIC 


O HANDLE _ 


MOLDED PHENOLIC 


This compression-molded, phe- 
nolic handle easil y supports the 814- 
pound load through two screws. 
It also acts as a good heat insula- 
tor—keeping the hand grip com- 
fortable to the touch. 


Warpage is eliminated in this 
cap by compression molding it 
from a heat-resistant phenolic 
which has low moisture absorp- 
tion. Its high impact strength pre- 


vents breakage. 
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This Hankscraft “Vapor-Master,” for- 
merly made of porcelain, was heavy, cum- 


bersome, and difficult to assemble. Breakage 
RICHARDSON was also a problem. Hankscraft engineers 
decided to redesign the unit for plastics. 


PROVIDES A Because The Richardson Company ren- 


— — —— — 


ders a complete plastics service—from ma- 


* 
terials development through design, mold- 
() Wi WG ing, laminating, and fabrication—they 
were selected to handle the job. Richardson 


and Hankscraft engineers worked closely 
on the design uf the parts, selection of ma- 


ON ALL SEVEN terials, and production methods. They 


created an attractive, sturdy, all-plastic 


PLASTICS PARTS *Vapor-Master," weighing only 3 pounds. 


Difficult plastics problems, like those of 
the Hankscraft Company, are being solved 
every day by the highly skilled Richardson 
engineering staff. The Richardson Company 
offers a complete single-source plastics serv- 
ice embracing molding, laminating, and 
fabricating. Write for information today. 


INSUROK S 


e IIITIIITITI) MELROSE PARK, ILL. 
KA 
NK SS 
TYLER, TEX. 
MOLDED & LAMINATED PLASTICS 


Write for Illustrated INSUROK Folder — — 
Jhe RICHARDSON COMPANY 


| 
FOUNDED 1858—LOCKLAND, OHIO 
2768-L Lake St., Melrose Park, Illinois (Chicago District) — L OGDEN, UTAH 


NEWNAN, GA 
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Another new development using 


B. F. Goodrich Chemical aw materials 


Filter unit contains filters, fittings and inside rings made 
from rigid Geon. Operator pictured bolding an inside ring. 


B. F. Goodrich Chemical Company does not make this 
filter. We supply only tbe Higb-Impact Geon resin. 


RIGID PLASTIC FILTER COSTS NO MORE. .GIVES 6 TIMES MORE WEAR 


NDUSTRIAL acid filters made of 

Geon rigid vinyl plastic are setting 
new records in cutting costs of nickel 
plating bath operations. Where stain- 
less steel filters lasted only 3 weeks to 
3 months in corrosive nickel plating 
solutions, these vinyl plastic filters 
have been on the job for nearly 18 
months— with no signs of wear! The 
cost of the vinyl filter runs about the 
same as a stainless steel one, but the 
6-times longer wear means huge 
replacement cost savings. 


The exceptional resistance of Geon 


GEON RESINS 
GO EON polyvinyl materials 


C50 


e HYCAR American rubber e 


rigid vinyl to the highly corrosive 
nickel plating solution, maintained 
at a temperature of 120°F., points up 
only one advantage of this basic 
material. For instance, products made 
from Geon rigid vinyl can be machined, 
welded, sawed or drilled. They also 
resist abrasion, many acids and 
chemicals. 


Geon polyvinyl materials have a 
wide range of uses in the chemical 
industry—from rigid filters, tubing, 
and sheeting to tank and drum linings. 
We’ll help you select the Geon mate- 


rial best suited to your needs. For 
information, please write Dept. GP, 
B. F. Goodrich Chemical Company, 
Rose Building, Cleveland 15, Ohio. 
Cable address: Goodchemco. In 
Canada: Kitchener, Ontario. 


* GOOD-RITE PLASTICIZERS . . . the ideal team to make products easier, better and more saleable 
GOOD-RITE chemicals and plasticizers e 


HARMON colors 
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DOW CORNING 
CORPORATION 


The heart of the Westinghouse "Electronic Eye” 


heat control system for electric range surface units 
is a thermistor embedded in Silastic* paste. Flex 
thle Silastic insulated cable connects the thermis- 
tor to exterior wiring, and the Electronic Eye 
itself is isolated in the center of a flexible Silasti 
diaphragm. The Silastic components bave stood 
up under boiling water, oil, grease, coffee, and 
syrup, as well as accelerated life testing equivalent 


to 15 years of actual service 


PRATT & WHITNEY AIRCRAFT 
Silastic-coated glass cloth gaskets have been the 
standard seal for rocker boxes on the giant PEW 
Wasp Major aircraft engines for over 8 years. 
No other material bas ever been found with an 
equal ability to make and hold a tight, resilient 
seal in contact with bot oil at operating tempera 
tures in the order of 450 F. No. 78 


COURTESY HOUDAILLE- 
HERSHEY CORP 

Higb viscosity Dow Corning 
200 Fluids are used in this 
torsional vibration damper 
designed for cranksbafts of 
diesel amd automobile en- 
gines. The relatively con 
stant viscosity of silicone 
fluids over a wide tempera 
ture range and their ability 
to withstand constant shear- 
ing without breaking down 
make the principle of vis- 
ms damping practical in 


this device. No. 79 


No. 9 of a series * 


FOR 


HYBRID HOPS HEA 


DESIGN ENGINEERS 


HURDLE 


SILICONES RAISE TEMPERATURE LIMITS; 
OFFER PRODUCT DESIGNERS NEW FREEDOM 


After 11 years of commercial production, 
Dow Corning silicones continue to make 
news in heat-resistant uses. This new class 
of semi-inorganic materials, with its basic 
structure of silicon and oxygen atoms, has 
proven useful in every industrial field where 
greater heat resistance is required of non- 
volatile fluids, flexible insulating varnishes, 
lubricants, laminates and rubbers. 

Because of the greater stability of their 
silicon-to-oxygen linkages, silicones behave 
about the same in the 400 to 700 F tem- 


Silicone and its chemical cousin glass combine 
here in lightweight structural parts for hot jobs 
Dow Corning 2106 is used to bond glass cloth to 
form laminated tubes, ducts, plates and boney- 
comb structures. Light, strong and arc-resistant, 
these parts stand 500 F continuously and short 
tame exposures as bigb as 700 PF No. 80 


Relative inertness and incompatibility coupled 
with a bigb degree of resistance to breakdown at 
molding temperatures bave made silicone mold 
release agents standard equipment in the rubber 
and plastics industries Unlike organic mold 
ubricants, silicones cannot decompose at operat 
ing temperatures to form a carbonaceous residue 


on mold surfaces No. 81 


perature range as organic materials do at 
250 to 350 F. Translated into actual 
practice, this means that silicone insulated 
motors deliver up to 50% more power per 
pound and last at least 10 times longer. 
Silastic, the Dow Corning silicone rubber, 
stays elastic after long exposure to the kind 
of heat that either melts or hardens organic 
rubbers. Silicone resin based paints hold a 
film for years on surfaces hot enough to 
blister conventional coatings in days 


As a result, troublesome maintenance and 
production problems have been solved with 
Dow Corning silicones. And by freeing 
designers from the temperature limitations 
of organic materials, Dow Corning sili 
cones have given rise to hundreds of new 
and improved products. A few examples 
are shown and described on these pages 
Many of them would have been impractical 
or even impossible without silicones. 


Dow Corning silicones have, in fact, pene- 
trated industry to a degree which is hard 
to believe. Housing, transportation, cloth- 
ing, the very food we eat — all have 


( continued px 


Spraying dies with Dow Corning Mold 
Fluid provides easy release of aluminum 
dié ashing Molten aluminum 

he silicone film on the die 


leave a Dard, carbonaceous def 


FOR DATA RELATING TO THESE ARTICLES, CIRCLE REFERENCE NUMBER IN COUPON ON NEXT PAGE 





Silicone News 


DOW CORNING 
PUBLICATIONS 

ON NEW 
DEVELOPMENTS 
AND TECHNICAL /* 
DATA .... 


Now—SILASTIC RTV—the Dow Corning silicone 
rubber that's 
Excellent for durable, weather-proof, resilient in- 


room temperature vulcanizable! 


sulations, encapsulations and seals for electronic 


No. 88 


components. 


V 


Magnet wire made with Dow Corning 1360 Wire 
Enamel extends operating temperature and life 
of electrical coils where winding space is at a 
premium. Flexibility, toughness, ond dielectric 
strength compare favorably with those of the 
best organic wire enamels. Life expectancy at 
180 C is in the range of 50,000 hours compared 
with 200 hours for 


ventional 


insulated with con- 


No. 89 


wire 
enamels. 


V 


Silicone pressure sensitive adhesives that stick to 
almost any material, retain useful bond strengths 
67 to 480 F. Uses include 
treated electrical insulating 


at temperatures from 
bonding silicone 
materials, sealing and wrapping 


assembly of small electronic 


tapes and 
parts prior to 
No. 90 


mechanical installation. 


V 


Heat-stable, nonflammable, foamed structures 
can be produced from two new Dow Corning 
Such 
shock; undergo practically 


no structural or dimensional change at 700 F; 


expansible resins. structures resist direct 


flame and thermal 
show less than 0.05 percent moisture absorp- 


tion after 7 days at relative 
Both 


densities of 6 to 24 pounds per cubic foot. 


V 


The Reference Guide to Dow Corning Silicone 
Products 
applications 


96 percent 


humidity. resins can be expanded to 


No. 91 


briefly describes the properties and 


of all the most commonly used 
silicone products. Many manufacturing plants 
have requested copies for distribution to each of 


No. 92 


their design and material engineers. 


V 


"What's a Silicone?" is the title of a 32 page 
booklet which answers that often asked question 
in semi-technical terms. Indexed and illustrated, 
this booklet has earned an international reputa- 


informative 


No. 93 


tion as the most interesting and 


description of silicones ever published. 


Dow Corning Corporation, Dept. 8-22, Midland, Michigan 
Please send me: 7] 76 79 © # & 83 MM 5 8 
9g 8 58 9 9 9 S 


NAME 
TITLE — 
COMPANY 
STREET 


CITY 29 8... DEALS 


| Branch Offices in: 


| Lorgest Producer of: 


HYBRID HOPS HEAT HURDLE ( continued ) 
been either improved or processed faster 
and at less cost with silicones. 


As their applications multiply, Dow 
Corning silicones are being produced in 
increasing variety and utility. First in 
commercial production, and backed by 
expert research and able product develop- 
ment, Dow Corning is producing more and 
better silicone products than ever before — 
and at less cost. In contrast to the trend of 
steadily rising prices these last few years, 
Dow Corning silicones steadily dropped in 
price as production mounted. 


These are some of the reasons why more 
and more designers, engineers and main- 
tenance men look first to Dow Corning 
silicones for the solution to their high tem 
perature problems. 


These stationary diesel exhaust mufflers were both 
finished with pigmented paint the 
same day. The coating on the stack at left was 


aluminum 


formulated with a silicone resin vebicle; that on 
the right with a high temperature organic resin 
After a year of service at surface temperatures in 
the range of 500 F, the silicone-based finish is 
relatively unchanged. The 
corroded almost 


coating bas 
No. 83 


organic 
completely away. 


Providing 10 or more times the life of organic 
grease im bigb temperature motor bearings of the 
plain or shielded type, Dow Corning 44 Grease 
makes permanent lubrication a practical reality 
in sealed bearings operating at temperatures from 


— 30 to 350 F. No. 84 


ATLANTA . 
LOS ANGELES * 


CHICAGO 


SILICONE Abhesives * 
Electrical Insulating Resins + 
Compounds * Paint Resins 


NEW YORK 


Adhesives * 
Expansible Resins * 


ad 
The generator and motor drive of tbe "Dwyna- 
motive" lift trucks built by Automatic Transpor- 
tation Co. of Chicago are wound with silicone 
(Class H) insulation for protection 
overloads and 


Transportation 


against heavy 


excessive Automatic 


motiture 
report that 


insulation is used because it 


engineers “silicone 
contributes to longer 
life and can take barder abuse than other insulat- 
ing materials. Since we adopted it 7 years ago, 
we bave never, to our knowledge, lost a motor 


due to insulation failure.” No. 85 


The platinum grey, 
modified silicone finish 
space 
thowed no discoloration, 
checking or powdering 
after 500 bours at 450F. 
The finish is bard ( bet- 
ter than 5H) 
thle (takes 180° 


on this heater 


yet flex- 
bend 
on 20 gauge steel over 
1⁄4 inch mandrel). 
No. 86 


TESY DUOTHERM DIVISION, MOTOR WHEEL CORP, 


PHOTO COURTESY FORD MOTOR CO 
Over 7200 trolley bearings are used in the core 
Each 
temperatures ranging 
Dow 


refreshed occasion- 


oven conveyor system of the Ford foundry 
bearing is exposed to oven 
from 550 to 700 F 


several times daily 


Corning 41 Silicone Grease, 
Corning 710 Silicone Fluid, bas 
been giving satisfactory service bere for years. 


No. 87 


ally with Dou 


| Silicone News is edited for product design and development 


engineers by DOW CORNING CORPORATION, MIDLAND, MICHIGAN 


CLEVELAND + DALLAS  * DETROIT 
* WASHINGTON, D. C. (Silver Spring, Md.) 


| Canada: Dow Corning Silicones Ltd., Toronto; England: Midland Silicones Ltd., London; France: St. Gobain, Paris 


Defoamers 
Molding 
Silastic 


Bonding Resins * Compounds * 
Fluids * Greases * 


Release Agents * Water Repellents * 
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product 


rations for making prod- 


PLEXIGLAS molding powders and — RTU ae Muni m 
sheets. They are detailed presentations, fully diagrammed nr SSS TET "y 
and illustrated, showing the best ways to make use of ce ak eee pare some of the properties 


a preferred material for scores of 
M ROER Halo "nts c ad. commercial products. The brochures 


Molding Powder Product Design discusses AME. | _ shown above have been repare d to help product designers 


of optical design, decorative effects, and — e. 

attaching molded PLEXIGLAS parts. | — your ly, just use the coupon below. 
1357. 1 CN ; lad to advise you on how a spe- 
Design and Fabrication Dut covers he ating cifie design problem may be solved with Puexicias. 


) ‘oe 
— ` bors ~ $e — aima, 


ROHM & HAAS COMPANY — Reg. US 


the Western Hemisphere 
Sa 1r nhia ^ 
Dept. PD, Washington Square, Philadelphia 
Canadian distributor: Crystal Glass & Plastics, Ltd 


at Jarvis Street, Toronto, Ontario, Canada 


Please send me: 


] "Molding Powder Product Design". 


] "Design and Fabrication Data". 


Name 


- ROHM £ HAAS 
ress 
COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


Representatives in principal foreign countries 


Zone 
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NATIONAL 
VULCANIZED 
FIBRE 


National Vulcanized Fibre is a converted cotton cellulose 
vith a tough, dense, homogeneous structure. This bone-like 
material has great mechanical and dielectric strength 


coupled with excellent machining and forming qualities, 
and lightness in weight. 


Vulcanized Fibre is manufactured in many grades and 
forms with various degrees of hardness, flexibility, 
resilience, drawing and punching qualities. These 

properties may be modified to meet new conditions, needs 
and uses— making vulcanized fibre one of the most useful 
and versatile engineering materials available to 

the industrial designer. 


PHENOLITE 
LAMINATED 
PLASTIC 


Phenolite Laminated Plastic is a high pressure laminate 
composed of various base materials and thermosetting resins. 
Fibrous materials, such as paper, cotton fabric, nylon, 
asbestos, glass fabric, are impregnated with phenolic, 
melamine or silicone resins. The impregnated sheets are then 
stacked to the desired thickness and bonded under high 
temperature and pressure to form a hard, compact, infusible 
material. This material combines exceptional toughness 

and moisture resistance with lightness in weight and excellent 
electrical properties. It is manufactured in many standard 
and special grades, each grade with a unique combination of 
mechanical, electrical and chemical properties. The 
modification range of Phenolite in the selection of base 
materials and resins is so extensive that its application as an 


engineering material is practically unlimited. 
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IMPACT RESISTANCE 
athletic safety equipment 


Easily formed to make safe, shock-proof 
helmet crowns, shields, cups, and other 
light-weight, protective guards. Tough 
with high impact strength, withstands re- 
peated blows without cracking, denting or 
losing shape. 


DIELECTRIC STRENGTH 

coil forms 

High dielectric strength coupled with 
toughness and excellent forming proper 
ties. Has ideal application as insulation in 
electrical equipment 


ARC RESISTANCE 

circuit breaker arc chute 

Safely curbs electrical arcing without 
carbonizing or tracking. Easy to bend, 
punch and form. Light in weight with 
great resistance to heat, shock and 
abrasion. 


HIGH DIELECTRIC STRENGTH 
power transformer coils 

Combines excellent dielectric properties 
and structural strength with high resist- 
ance to heat, moisture and corrosion 
Efficiency under full voltage is unim 
paired by high temperature and severe 
moisture conditions. 


HIGH TEMPERATURE RESISTANCE 
transmitter coil form 


Special glass base laminates possess ex- 
cellent heat and flame.resistance up to 
continuous temperatures of 400° F. Have 
good arc resistance and flame retardant 
properties . great strength and high 
dimensional stability. 


STRENGTH - RESISTANCE 
TO WEAR gears 


Makes excellent gear material because of 
its lasting resiliency, great compressive 
and tensile strength, quietness of opera 
tion and resistance to wear. Light in 
weight and moisture resistant. Will resist 
oils and greases—can be machined to 
close tolerances. 
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DURABILITY 
rail joint insulation 


Withstands years of continuous exposure 
and heavy pounding of today's high-speed 
railroading. Has excellent insulating char- 
acteristics coupled with outstanding me- 
chanical properties. Will not corrode or 
deteriorate. 


LIGHT - RUGGED 

sample cases 

Weighs half as much as aluminum, has 
great strength and scuff resistance. Will 
not crack, splinter, dent or corrode. Color 
is an integral part —can't chip or wear off. 


TOUGH - FLEXIBLE 

backing for abrasive discs 

Withstands repeated, high speed flexing 

without failure. Light in weight, vulcan- 

ized fibre possesses proper rigidity with 

high tear strength and excellent gluing 
properties. 


CHEMICAL RESISTANCE 
chrome-plating barrel 


Chemical-resisting grades are unaffected 
by most corrosive fluids and atmospheres, 
acids, oils, alkalis, solvents and salt 
solutions. Retain high strength, resiliency 
and dimensional stability —even under 
severe chemical service conditions. 


IMPROVED ARC RESISTANCE - 


MACHINABILITY oil circuit recloser 


New paper base polyester-melamine 
Phenolite not only has exc. lent arc re- 
sistance but superior machining qualities 
as well. Is easily punched, sawed, drilled, 
turned and milled to close tolerances. 


COMPACT DESIGN - ECONOMY 
printed circuits 


Printed circuits made of Copper-Clad 
Phenolite. simplify production, reduce 
assembly time and eliminate errors. Low- 
loss insulating properties coupled with 
ease of fabrication provide many compact 
design possibilities. Effectively resists 
heat and moisture. 





For YOUR JOB? 


Frenchtown ceramic engineers have developed many 
formulas which together with modern fabricating 
methods# have greatly enlarged the usefulness of 
ceramics. Always outstanding as electrical insulators, 
Frenchtown ceramics, particularly the high alumina 
bodies, are being specified more and more for critical 
mechanical applications. Check over this list for the 
properties your job requires: 


* MECHANICAL STRENGTH 

Compressive strength up to 187,000 p.s.i. 
* ABRASION RESISTANCE 

Demonstrated by use for sand blast nozzles. 


* HEAT RESISTANCE 
Softening temperatures up to 1971° C. 


* THERMAL CONDUCTIVITY 
Coefficient (c.g.s. units) up to 0.0180 


* THERMAL EXPANSION 
as low as 296 cumulative at 700? C. 


* Grinding and extrusion facilities 
New Metallizing process 


PORCELAIN COMPANY 
87 MUIRHEAD AVE. . .. TRENTON 9, N.J. 
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. Thread Guides 


2. High Voltage Wire 
Spacers 


. "Hot Tops" for Casting 
Metal 


. Seal for Rotary Shaft 
. Valve Seats 
. Interchanger Support 


. “Low Loss” Ceramic 
Envelopes 


. Resistor Bases 

. Hermetic Seal Terminal 
. Catalyst Bases 

. Sand Blast Nozzles 

. Cable Insulator 


. Fire Detector Thermostat 
Insulators 


. Spark Plug Insulators 
. Resistance Unit Insulator 


Send for bulletin with 
chart of mechanical 
and electrical products; 
design principles for 
ceramics. 
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/ssue after issue... 
— — THE NEOPRENE NOTEBOOK 
1—57-| GIVES Y0U— 


= x @ New engineering information on neoprene, 
pes es 
suco (Ud I ent = Du Pont’s chemical rubber 


Detailed on-the-job reports showing how 
neoprene cuts replacement costs 


Case histories on how new products are 
developed... old ones improved... with 
neoprene 


FREE! Valuable information for you in every 
issue of the Neoprene Notebook. Timely, illus- 
trated articles on the properties and perform- 


moii ance of neoprene show how others have in- 
qhe ton 


uw D ons - z creased production . . . reduced operating 


costs . . . with this durable chemical rubber. 
Perhaps the Neoprene Notebook can help you 
solve a tough production problem, or suggest 
a way to develop or improve a product. Get 


your free subscription today by sending the 
coupon below! 


SEND THIS COUPON 
TO GET ON 
THE MAILING LIST 


E. I. du Pont de Nemours & Co. (Inc. 


Rubber Chemicals Division, PE-AH 
Wilmington 98, Delaware 


Please send me the free 


The rubber made by Du Pont since 1932 Maegseun —— 


(| l D | N T Name. X — 
Firm 


"t6. y. 5. "AT. Off 


BETTER THINGS FOR BETTER LIVING Address 
. THROUGH CHEMISTRY 


City State 


Ñ. RR 
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Write today for FREE SAMPLES and folder, with engineering data 
and specifications — tells how industries use INNER-SEAL 
applications and eliminate sealing problems. 


STANDARD INNER-SEAL STYLES AND DIMENSIONS* 


2 ends 8/3 cotton natural sponge rubber neoprene latex coating herring bone pattern 


high carbon | (Bends #15 sponge rubber — 00570107 057020 0 SPECIFICATIONS 
rust resistent | kraft twisted mold skin i 
GENERAL: Tough, flexible INNER-SEAL 


Ol2 wire paper 
Ñ — 
has many uses . . . as insulation, cushioning, 


| | í k 
ITI E = 
| l | | |Ë > == = gasketing ...in the automotive, railway 


5.8 —- . 
double picks and wire assembly and refrigeration fields, and in countless 


Maie of a typical style, NX-4028. other fields of manufacture. INNER-SEAL's 
patented construction — spring steel molded 
in live sponge rubber * makes an effective, 

NX302B-A NX504B-A pressure-tight seal. Neoprene-coated IN- 


NX352B NX505B NER-SEAL is waterproof... resists tem- 
NX352B-A 4 NX505B-A 
NX402B NX602B 

NX402B-A NX602B-A 
NX404B NX603B 

NX404B-A NX603B-A COLORS: No. 1-Black, No. 3-Brown, No. 25- 
NXS02B NX604B Olive Drab, No. 79-Beige. (Other colors 


NX502B-A ) | NX604B-A š i i 
available if volume warrants production run.) 


perature extremes, sunlight, humidity, grease, 
oil and abrasion. It fits snugly into corners, 


around curves — lasts for years. 


WIRE CLOTH: Fibre -plus tinned wire — 


3 ends &3 cotton neoprene mechenicel jechet (Stainless steel wire, special orders only.) 
high carbon |l ends #15 027 (2 003) thick 


rust resistent | kraft twisted SPONGE ASSEMBLY : Natural rubber — 
i (Buna, neoprene, silicon, freeze resistant 


compounds, (—65° F), special orders only.) 


COATING: Standard INNER-SEAL, neo- 
prene latex in colors, thicknesses from .004” 
to .018”. Heavy-duty INNER-SEAL black 
neoprene rubber jacket .025” thick. (Freeze re- 


HD300N-1A ; HD603N-1A sistant coatings (— 65? F), special orders only.) 
HD302N-1 , HD604N-1 


HD302N-1A HD604N-1A : 
ns eia SPECIALS: Offset wire flange QU , 


HDSO2N-1A HDSOOIN-1A Ü special flange bends Q>, special die 


HD504N-1 DB604N-1 2 cutting s]. cut to any length required. 
HD504N-1A K 


*All styles designated A or 1A have a bent flange to lie flat. 


BRIDGEPORT FABRICS, INCORPORATED, BRIDGEPORT 1, CONN. 
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You and we 
can work 
as a team 


on problems 


involving 
rubber and 


rubberlike 
materials 


MATERIALS 


Natural rubber, Neoprene, GRS, Buna N, Butyl, Silicune and 
Reclaim. “The right material for the job” is assured. 


TECHNICAL SERVICES 


Our technicians are specialists in the applications of rubber 
and rubberlike materials. They are qualified to assist you in 
obtaining improved design and lower costs of component parts. 


ENGINEERING SERVICES 


Two fully staffed engineering departments are closely 
integrated and organized for prompt service on problems 
of product design, mold and die design and manufacture. 


LABORATORY FACILITIES 


Our staff of laboratory technicians is organized to conduct 
research and testing services on special problems for 
customers. Laboratory and testing equipment is the most 
modern obtainable. 


COMPOUNDING SERVICES 


Compounding basic materials to meet specifications at maxi- 
mum economy for customers is a specialized activity of The 
Ohio Rubber Co. Objective recommendations are assured as 
the company does not produce any basic or raw materials. 


MANUFACTURING PROCESSES 


Processes include injection molding, compression molding, 
transfer molding, extrusion, and rubber-to-metal adhesion. 
The Ohio Rubber Company is a pioneer in the development 
of processes for bonding rubber and rubberlike materials 
to metal and non-metallic materials. 


PRODUCTION FACILITIES 


Production equipment at The Ohio Rubber Company is of such 
large and varied scope that a wide variety of types and sizes 
of products can be manufactured economically. Large scale 
production at low unit costs is assured. 


ASSURED DELIVERIES 


The most modern and efficient system for control of scheduling, 
production and shipment assures deliveries to meet your needs. 


QUALITY CONTROL AND INSPECTION 


Uniformity and accuracy of testing procedures is assured 
by a modern system of quality control to meet rigid speci- 
fications. This system is closely coordinated with the usual 
inspection methods. 


* * * 


Here is a complete combi- 
nation of facilities and 
services organized for effi- 
cient cooperation with you 
and the company you 


R — bber = serve. Put us to the test 
ohio ru E -ir yoo ioco o probier 


THE EAG 
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in our field. 


R COMPANY 





EXPERT 
HELP 


when you need if... 





Parker's fund of information, experience and practical know-how is unique in 
the metal surface treatment field. 

It has been built over a 39-year period of pioneering leadership. It has been 
advanced by constant research carried on by outstanding scientific teams. A 
program of continuous accelerated and we athering tests, and laboratory and 
pilot plant production runs add data on application and performance. Finally, 
we have worked with the best of American industry—users of Parker products 
—to help them get efficiency, economy and best results from their installations. 

This valuable and — accumulation of knowledge is available to help 
you when you need it . Call in Parker when you have problems involving 
surface treatments for metals. 


parker products 


BONDERITE — corrosion resistant paint base. Used widely to anchor paint and 
retard corrosion on steel, aluminum, zinc and cadmium. 

BONDERITE AND BONDERLUBE—a combination that has extended the cold 
forming of metals by more efficient and effective lubrication. 

PARCO COMPOUND—rust resistant for iron and steel; standard throughout 
industry for 39 years. 

PARCO LUBRITE— wear resistant, used on friction surfaces to promote smooth 
break-in, prevent scoring and lengthen subsequent life of parts. 
PARCO CLEANERS—a line of special alkali, acid and emulsion type cleaners 

which remove soil and condition the metal to produce | tlre at 
Bonderite coatings at reduced cost. 
PARKER PRE-NAMEL pretreatment for metals to improve the adhesion of 
porcelain enamel. 
MAINTENANCE PAINTS— The Tropical Paint & Oil Division of Parker has 
supplied industry with heavy-duty maintenance paints since 1883. 
* Bonderite, Bonderlube, Parco, Parco Lubrite, Pre-Namel—Reg. U. S. Pat. Off. 





—[L 


í< D 


Since 1915—leader in the field 


2159 
E. Milwaukee, 
QUALITY a 


Detroit 11, 
| < RUST PROOF COMPANY 


Michigan 
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PROPERTY AND APPLICATION DATA ON THESE 


VERSATILE ENGINEERING MATERIALS: “ZYTEL,” 
“ALATHON,” “TEFLON,” “LUCITE.” 








WN 
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Packing of Du Pont TEFLON” Functions after 


Two Years’ Service in Fuming Sulfuric Acid Pump 


Lightweight “Zytel” 
nylon resin useful in 
aircraft wiring systems 


Tut properties of Du Pont *Zytel" make 
this versatile engineering material par- 
ticularly adaptable for electrical systems. 





Sixteen miles of cable jacketed with “Zytel” are 
used in one airplane. The thin, abrasion-resistant 
nylon jacket assures a durable insulation. 


“Zytel” is used for cable clamps, strain- 
blocks, grommets, 
guides and support blocks, terminal 
blocks, and similar devices. 

Du Pont **Zytel" is specified for these 


relief clamp wire 


applications because it is tough, resists 
abrasion and extremes of temperature, 
and has the necessary dielectric charac- 
teristics. It can be molded into intricate 
shapes... 

These same properties of “Zytel” are 
utilized in cable jacketing. One type of 


Is strong In thin sections. 


airplane carries sixteen miles of cable 
jacketed with “Zytel”. Another property 
is also important in aircraft—resistance 
to attack by petroleum products. 

Du Pont **Zytel" is used continuously 
at temperatures normally found in com- 
mercial electrical equipment (to about a 
maximum of 250°F). 

Many manufacturing economies are 
obtained with "Zytel". Injection-mold- 
ing technique allows rapid molding of 
complicated shapes. Often a single part 
molded of “Zytel” nylon resin replaces 
an assembly. And, because “‘Zytel” can 
be molded around metal inserts, further 
design simplification is often possible. 
“Zytel” is the new trade-mark for 
Du Pont nylon resin. 


Chemically inert, “Teflon” performs 
equally well as packing, gasket, impeller 


Du Pont “Teflon” tetrafluoroethylene 
resin has proved its versatility many 
times in applications where conditions 
were so severe that no other engineering 
material was adequate. 

Here are a few examples of outstand- 
ing performance by *'Teflon"' : 

Application 1. When conventional 
packing was used in the handling of 
fuming sulfuric acid, repacking was nec- 
essary every two days. Pumps packed 
with “Teflon” have not needed repack- 
ing in two years. 

{pplication 2. One step in the 
manufacture of pyribenzamine involves 
thionylchloride in the presence of boil- 
ing solvents 
Gaskets of 


a very corrosive mixture. 
“Teflon” 
condition after over a year, while gas- 
kets of other 
within a few weeks. 


were still in good 


materials deteriorated 
Application 3. Leakage with pre- 
vious packing in a reciprocating pump 
handling diacetone was one-half poun 
per hour ; leakage with packing of “` Tef- 
lon” is only one-half pound per week. 
Application 4, When a pump, 
worn out from handling silicon tetra- 
chloride at 2000 to 2500 p.s.i., was re- 
turned to the manufacturer for servic- 
ing, the original packing of “Teflon” 
was still intact. The former packing re- 


After many months’ service on this horizontal 
duplex pump, rings of "Teflon" showed no 
signs of wear. 





Packing of "Teflon" on this centrifugal pump 
gives long life, cuts maintenance costs. 


quired servicing every two or three days. 
There are many reasons why *'Teflon" 
resin performs so 


as packing, gas- 


tetrafluoroethylene 
well in so many ways 
ket, or impeller. 

For one thing, “Teflon” is inert to all 
chemicals and solvents normally en- 
countered in industry. Only exceptions 
are molten alkali metals, fluorine gas at 
high pressures and temperatures. 

“Teflon” 


tures as low as 


remains tough at tempera- 
450°F. It is capable 


of continuous service at 500°F. The 
tendency of “Teflon” to cold-flow is 
not excessive, and is confined to the 


first few hours after compressive load 
is applied. 

“Teflon” resists heat, has zero water- 
absorption by ASTM test D570-42, and 
is unaffected by outdoor weathering. For 
impeller use, “Teflon” is self-lubricat- 
ing, has a low coefficient of friction, will 
not shrink, swell, or crack. 

This unique engineering material may 
help you to simplify designs, reduce 
maintenance costs, improve process per- 
formance. Clip the coupon on reverse 





side for more information about 
Du Pont “Teflon” tetrafluoroeth- 
ylene resin and its applications. 
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PROPERTY AND APPLIQATION DATA ON THESE' 


VERSATILE ENGINEERING MATERIALS: “ZYTEL," 
“ALATHON,” “TEFLON,” “LUCITE.” 





Both plunger and barrel of 2cc hypodermic 
syringe are molded of Du Pont “Zytel” nylon 
resin. These parts are unbreakable, and can be 
sterilized with dry heat, by boiling, or auto- 
claving. Syringe is manufactured by Nelson 
Products Company, of Arlington, New Jersey. 


Investigate Du Pont 
engineering materials in your 
product development programs 


One oF the family of these versatile en- 
gineering materials is often a key factor 
in product improvement or new product 
design. 

The wide range of properties available 
with “Alathon” * polyethyleneresin, **Lu- 
cite" * acrylic resin, Teflon" * tetrafluo- 
roethylene resin, and "Zytel"** nylon 
resin are helping solve industrial design 
problems. 


NEED MORE INFORMATION? 


CLIP THE COUPON for additional data 
on the properties and applications of 
these Du Pont engineering materials. 


| 
| 
| 
| 
| 
| 





Battery sealers of 
Du Pont "Alathon" 
fit tightly, won't corrode 


THE Electric Storage Battery Company, 
of Philadelphia, Pa., uses positive-plate 
tube sealers of Du Pont “‘Alathon”’ poly- 
ethylene resin for the Exide-Ironclad 
battery. Molded “‘Alathon”’ and its ver- 
satile properties have effectively length- 
ened the working life and improved the 
performance of this industrial battery. 

Du Pont **Alathon"' is resilient, assur- 
ing a tight fit where the sealers cap the 





These intricately shaped sealers of Du Pont 
*"Alathon" polyethylene resin are rapidly mass- 
produced by means of injection molding. 


plates. Because “‘Alathon”’ resists elec- 
trolyte and electrolytic action, these bat- 
tery sealers reduce loss of active material 
and effectively lengthen battery life. And 
non-corrosive *"Alathon" insulates the 
plate bottoms, preventing short circuits. 

Be sure to evaluate the versatile com- 
bination of electrical, mechanical, and 
chemical properties of Du Pont “Ala- 
thon” polyethylene resin. These prop- 
erties may help solve your own design 
problems. For more information, clip 
the coupon below. 


E. I. DU PONT DE NEMOURS & CO. (Inc.) POLYCHEMICALS DEPARTMENT 


Room 109, Du Pont Building, Wilmington 98, Delaware. 


Please send me more information on the Du Pont engineering materials 


checked: [7] "'Zytel"; [] “Alathon”; C] “Teflon”; [] “Lucite”. I am in- 


terested in evaluating these materials for: 


NAME 

COMPANY 

STREET 

CITY 

TYPE OF BUSINESS 


POSITION — 


STATE a — 


*" Alathon", "Lucite", "Teflon" are registered trade-marks of E. I, du Pont de Nemours & Co. (Inc.) 


* "7 ytel" is the new trade-mark for Du Pont nylon resin, 
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| V PROCESSING 

| Injection molding 
is efficient 

and economical 






INJECTION molding, as a method of mass- 
producing parts made of Du Pont engi- 
neering resin materials, has been devel- 
oped mainly within the past ten or fif- 
teen years. Improved techniques have 
accompanied that development. 

Injection molding offers the advan- 
tages of high production rates, low unit 
cost, and usually does away with finish- 
ing operations. One important saving 
which has been effected by injection 
molding occurs when the molded piece 
replaces an assembly of parts. 

High Production Rate. Multi- 
cavity dies have been made which pro- 
duce hundreds of identical pieces at a 
time. Molding time and cycle vary with 
the size of the part and its shape. The in- 
jection-molding process is versatile, and 
is used to produce a wide variety of qual- 
ity parts, rapidly and economically. 

Low Unit Cost. Another positive 
value of injection-molded parts is the 
low cost of fabrication per part. While 
the initial cost of the mold itself is high, 
a mass-production operation makes the 
cost per piece low. Loss of molding ma- 
terial is generally low, too. 

No Finishing Operations. With 
good molding techniques, pieces can be 
injection-molded to close tolerances. In 
many cases, molded pieces require no 
finishing operations. Thus, large savings 
in time and expense can often be realized. 

Simplified Designs. The versa- 
tility of injection molding often permits 
design simplification. Du Pont **Zytel", 
for example, can be injection-molded 
into intricate shapes, as well as around 
metal inserts. Du Pont **Alathon" poly- 
ethylene resin and “Lucite” acrylic resin 
can also be successfully injection-molded 
into a variety of useful forms. 


— Suo 


GLASS FIBER INSULATION 


Only Gustin-Bacon has the specialized facilities and service to supply you with glass 
fiber insulation, any way you want it — die-cut . . . molded . . . in cylinders . . . in 
e e oe {i n y rolls . . . with or without a variety of facings and special coatings. 


you 
like it! 


G-B production and shipping personnel are trained to help manufacturers of O.E.M. 
equipment meet rigid production schedules. You name the time and place; Gustin- 


Bacon will ship these unique glass fiber products direct from the factory to your 
assembly line! 


Give you an idea? Send us a drawing or freehand sketch . . . a rough estimate of " 


quantity . . . tell us the end use — and our design engineers will work out your idea, 
without cost or obligation. 











SOFT MOLDED PARTS. Molded-to-shape insulation 


represents an entirely new concept in the insulation field, 
and enables manufaciurers of assembly-line products to 
insulate faster and more efficiently against heat, cold or 
sound. G-B molded parts are available in any size up to 
8’ x 10’, in densities from 2-10 Ibs. per cubic foot, in various 
thicknesses from 's'" up. Firmness and rigidity increase with 
density. 





DIE-CUT MATERIAL. Gustin-Bacon die-cut glass 


fiber insulations are available plain or with your choice of 
facings, already adhered to the insulation, or coated with 
a material that will best serve your needs. G-B die-cut 
pieces can be produced in any size up to 5’ x 6’, in densi- 
ties from ?4 - 3 lbs. per cubic foot, and in thicknesses from 
!'5" up. These pieces are cutting assembly costs of all kinds 
of original equipment. 





CYLINDRICAL MOLDED PARTS. in wide use as 


pipe insulation, G-B one-piece molded cylinders of fine 
glass fibers are going into O.E.M. equipment too. Avail- 
able in inside diameters from ?4"-24" , . . in various wall 
thicknesses . . . in lengths up to 6’ . . . with or without a 
slit seam. Also available with facings and airtight interior 
coatings for special uses, such as air ducts. 


GUSTIN-BACON 


BLANKET ROLLS. Gustin-Bacon offers blanket-roll 
insulation of both fine blown fibers, and long, textile-type 
fibers. Both are available in a wide variety of roll lengths, 
widths and thicknesses. They are available plain or with a 
choice of facings — some for appearance, some for light 
dissemination, some for vapor barriers. G-B blanket rolls 
can also be coated (e.g., vinyl spray coated). 


MANUFACTURING CO. 


216 W. 10th ST., KANSAS CITY, MO 
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REINFORCED ' 
PLASTICS . .. 


Molded to * Specifications 


A new plant .. . with the most modern 
equipment .. . en experienced staff of 
engineers and molders stand ready to 
assist you. 

Write us about custom molding your 
product on a volume, low-cost basis . . . 
in matched metal molds. Prompt at- 
tention shall be given to all requests 
for quotations. 


Let Plastic Products Corporation help 
you to design your product for the 
effective utilization of fiber glass rein- 
forced plastics. 


a — 


PLASTIC PRODUCTS CORPORATION 


P. O. Box 857 B Cleveland 22, Ohio 
PLANT: AURORA ROAD * BEDFORD HEIGHTS, OHIO 


SPECIALISTS | 
RUBBER GOODS A DR 
INSULATED 


for cable, loom; tube, wire, rod 
and pipe. . . rubber of neoprene 
applied in desired thickness for 
complete or partial coverage to 
metal stampings of any size or 
shape .. . ARco form dipped rub- 
ber ports, quickly, economically 
produced . . . these ARco products 
and services are helping develop- 
ment engineers solve problems and 
simplify purchasing for manufac- 
tures. Consult ARco engineers 
today. 


AUTOMOTIVE 
RUBBER COMPANY * INC. 


Manufacturers + Designers * Engineers 
12558 BEECH RD. » DETROIT 39, MICH. 
ARco RUBBER PROCESSORS 


Valuable literature 
availoble—Write 
today! 


ANYTHING CAN BE COVERED WITH RUBBER BY. . . 
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Ask JOHNSON 


RUBBER and PLASTIC 
JTNEXTRUSION 
MOLDED GOODS 


2€ 


SALES OFFICES IN 
LEADING CITIES 


FOR DIE & LATHE CUT 
RUBBER PRODUCTS 


A AU. 


IDDLEFIEL( HIO 


RUBBER COMPANY 


ESTABLISHED 1895 


JOHNSON PLASTIC CORPORATION 
CHAGRIN FALLS. OHIO 


Specialists in production of 
coated metal parts and form- 
dipped rubber parts 


Rubber Convoluted Boots, Accordion-type Seals, 
Boots and Sleeves for Machinery, Bellows, Tubing, 
Covers, Sacs, Grommets, Caps and Bulbs! 


Write Today 
for FREE Brochure 


which will show you how others have solved 
design ond production problems with Dipped 
Rubber Parts — Complete with Pictures and Prints! 


OM P AN Y 
17220 Conant Road, Detroit 12, Michigan 
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RL SCALP CMTE NRE LL 


AMERICAN FELT COMPANY 
78 Glenville Road, Glenville, Conn. 
Please send me the booklets checked: 


Sie cd ke Poe eh 8 


(1) S.A.E. Felts. Contains specifications and illustrative samples. 


(2) How To Reduce Vibration. Illustrated booklet showing how to 
select and apply felt for this purpose. 


(3) Commercial Standard 185-52. Contains U.S. Dept. of Commerce 
Standard, with samples. 


Here are important aids to the selection and specification of the 


various standard felts for industrial applications. Your Name 


For felt, come to American. And remember, our Engineering & 
Research Laboratory is ready to work with you onspecial problems. 


American Felt 
Com 


MARK 


Your Title 
Company 
Street 
City . 


State -. 
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PROTECTIVE COATING CHEMICALS 


PAINT BONDING 


“GRANODINE ® forms a zinc-iron phosphate-coating 
bond on sheet metal products—automobile bodies and 
fenders, refrigerator cabinets, etc —for a durable, lus- 
trous paint finish 


‘‘LITHOFORM @ makes paint stick to galvanized iron 
and other zinc and cadmium surfaces 

"ALODINE @, the new ACP protective coating chemical 
for aluminum, anchors the paint finish and protects 
the metal 


RUST PROOFING 


"PERMADINE $, a zinc phosphate coating chemical, 
forms on steel an oil-adsorptive coating which bonds 
rust-inhibiting oils such as "Granoleum " 


"HERMOIL-GRANODINE s, a manganese-iron phosphate 
coating chemical, forms on steel a dense crystalline 
coating which, when oiled or painted, inhibits corrosion 


PROTECTION FOR FRICTION SURFACES 


The oiled ““THERMOIL-GRANODINE coating on pistons, 
piston rings, cranks, camshafts and other rubbing parts, 
allows safe break-in operation, eliminates metal-to- 
metal contact, maintains lubrication and reduces the 
danger of scuffing, scoring, galling, welding and tearing 


CGRANODRAW @ forms on pickled. surfaces a tightly- 
bound adherent, zinc-iron phosphate coating which 
facilitates cold forming and extrusion, improves draw- 
ing and lengthens die life 


| RUST REMOVING 


“DEOXIDINE @, the pioneer of the phosphoric acid- 
solvent type metal cleaners, removes rust and grease, 
destroys rust stimulators, and creates an etched inert 
surface that bonds paint firmly. “DEOXIDINE prepares 
steel, aluminum, brass, copper and other metals properly 
[or painting. 


Pioneering Research ond Development Since 1914 


AMERICAN CHEMICAL PAINT COMPANY 


CHEMICALS CHEMICALS 


General Offices: Ambler, Penna. 


PROCESSES PROCESSES 
Detroit, Michigan Niles, California Windsor, Ontario 


Catalogs 
and 
Bulletins 


Request additional information using 
postcards following page 24 


(O-1) CASTING RESIN — Durez 
Plastics & Chemicals, Inc., Booklet, 16 
pp. Data on a thermosetting resin in 
liquid form that can be cast in simple 
molds, and requires only a short bak- 
ing cycle at 140 F. Information for 
use in electroplating shields, masking 
fixtures, model or prototype work, pat- 
terns, and others. 


(O-2) SILICONE VARNISH—Dow 
Corning Corp. Data Sheets, 4 pp 
Complete engineering data on silicone 
varnish 997, a class H dipping and im- 
pregnating varnish said to have over 
100 times the dielectric life of typical 
class B varnishes at 200 C. Lists typical 
properties, and curves show thermal 
life. 


(O-3) PRACTICAL NICKEL PLAT- 
ING-—International Nickel Co., Bul- 
letin 77, 44 pp. Has over 40 illustra- 
tions, tables and charts together with 
basic information on electroplating, 
and detailed information on nickel 
plating and its practices. Thickness 
and type of nickel deposit for adequate 
service life in many corrosion resistant, 
industrial and electroforming applica- 
tions are discussed 


(0-4) INSULATING VARNISHES 

-Irvington Varnish & Insulator Div., 
Minnesota Mining & Mfg. Co. Catalog 
contains complete data on all the long 
established as well as newer types of 
varnishes available. A special feature is 
the section entitled, “How to Use In- 
sulating Varnishes.” Included in this 
section is not only valuable general use 
information, but special instructions 
on the dipping, vacuum, pressure, 
brush, spray and baking types of ap- 
plication. Another section contains 
many useful charts such as conversion 
tables, solvent charts, tank capacities 
and specific gravity correction tables. 
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Put the powerful advantages of 
BAKELITE |^ Serm 


TRADE-MARK 


to work for your products 


Do you need LIGHT Do you need SUPERIOR 


WEIGHT? 


Polyethylene is the lightest 

of all plastics. With 
BAKELITE Polyethylene you 
can make products easier to 
use, less costly to ship and 
handle. Look at this 2-inch 
water pipe. One man carries a 
200-ft. coil with ease ... 

no rigging needed. There’s no 
rusting, no electrolytic action, 
no damage from freezing. 
There’s high resistance to 
corrosion. 

Imagine how manv wavs this 
lightweight, durable, and 
easily-fabricated material 

can help you. 


BakELITE Polyethylene has 
such inherent flexibility that 
no plasticizers are needed! 
There’s flexibility with shape 
retention . . . for squeeze 
bottles of any color, with 
frosty, translucent, metallic or 
other sales-appealing finishes. 
It makes highly-flexible 
transparent film for packaging 
foods and scores of other 
products. The resins make an 
excellent wax additive for 
bread and baked-goods 
wrappers, providing greater 
strength, better heat sealing, 
glossier printing. 


INSULATION? 


BakELITE Polyethylene is the 
superior insulating material 
preferred for low-loss television 
lead-ins. It makes wire and 
cable much lighter, more weather 
and chemical resistant. It gives 
your engineers a highly-adaptable 
material for a wide range of 

uses ... as a potting resin... as 
color-coded wire and component 
insulation . . . for gaskets, 
stand-offs and scores of other 
electronic products. And now, 
Baketre Cellular Polyethylene, 
expanded with inert gas, offers 
even lighter weight, superior 
properties for VHF and l HF, 
and makes a pound of 
polyethylene go almost 

twice as far. 


Bake tre Polyethylene is inert. 
It doesn’t impart odor or taste. 
It's ideal for refrigerator 
containers, bowls, food packages, 
clothing and textile bags, and 
scores of other uses. In fact, it's 
chemically inert to almost all 
substances. From unbreakable 
carboys that safely carry 
corrosives . . . to spillproof 

and leakproof bottles 

for drugs . . . to chemical pipe 
and tubing . . . BAKELrre 
Polyethylene can help you 
make, sell, and distribute your 
products better, easier, 

and more profitably. 


mom xrov voces BAKELITE 
BAKELITE Polyethylene to work for your 


present products and your products-in- TRADE-MARK 


mind. It can be fabricated in every way 

known to plastics. It offers opportunities 

that no one can predict until he tries it. 

Start investigating now by writing for 

our booklet, Bakexrre Polyethylene, to ene 
Dept. XK-10. 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation IIS8 30 East 42nd Street, New York 17, N. Y. 
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POLYPENCO* NON-METALLIC SHAPES 


Use stock shapes for low cost fabrication 


With POLYPENCO shapes, you can economically obtain the 
advantages of nylon, Teflon*, and Q-200.5 for a wide variety 


of components by fabricating them on standard metalworking 


tools. You aiso receive uniform high quality in every piece of 


stock. Most standard sizes are stocked now for immediate delivery. 


ROD: Diometers from .030"' to 4'' in lengths 
ranging from continuous coils down 
to 6 

TUBING: 4% to 4% 
Ye te 2 thick. 


SPAGHETTI! TUBING: |.D.'s corresponding to 
American Wire Gauges 22 through 
8, in lengths up to 1,000’. 


LD. with walls from 


TAPE:.002'' t0.125'' thick, V4" to 12'' wide. 


SLAB: 24 or 48 
1.50 thick 


squares from .125” to 


4 ROD: Diameters from %4” to 6%" in 


lengths from 8' to 6”. 
STRIP: .010"' to0.125'' thick, V4" to 4'' wide. 


TUBING: .035'' to .500” O.D., .020” to 
.A10"' LD. 


TUBULAR BAR: O.D.'s from 2” to 10” with 
wall thicknesses of %4” to 1⁄4”. 


SLAB: 4” to 1” thick, standard 10° width, 
discs from !⁄4 ” to 2” thick in 6” to 
12” diameters. 


TEFLON* 


í ROD: Diameters from "A ” to 3777 in 
lengths from 4° to 8’. 


Other shapes and sizes can be supplied on 
special order. 


SEND FOR TECHNICAL BULLETINS AND PRICE LISTS. 


THE POLYMER CORPORATION of Penna. « Reading, Penna. 
In Canada: Polypenco, Inc., 2052 St. Catherine W., Montreal, P.Q 


" OLYPENCO NON-METALLICS 


Warehouses: Reading * Chicago * Los Angeles « Newton (Mass.) e Branford (Conn.) 


C68 


*trodemork for Du Pont tetraflvoroeth ylene resin 


| Catalogs and Bulletins continued 

(O-5) POLYESTER RESINS—Gen- 
| eral Electric Co., Booklet CDC-238, 

24 pp. Contains detailed information 

on industrial applications for polyester 
| resins. Discusses catalysts, fillers, and 
| pigments used, and fabricating meth- 
| ods. More than 20 tables and charts 
| give complete property data on six 
| resins. 


| (0-6) MOLDED PRODUCTS — 
| Molded Products Corp., Booklet, 16 
| pp. Has information on facilities and 
| examples of type of product, and adapt- 
ability to: laminating reinforced mate- 
| tials; thermoplastic molding; rubber 
| pad molding; rubber molding; metal 

forming; metal brazing. Has many il- 
| iustrations. 


| (O-7) NEW ENGINEERING MA- 
| TERIAL—The U. S. Graphite Co., 
| Catalog, 66 pp. Contains full informa- 
| tion about Graphitar, a new material 
that may be used for seals, bearings, 
end plates, valves, piston liners, and 
other parts. It is made from carbon and 
graphite powders, compacted under 
high pressures, and furnaced at 3000 
F. Harder than most steels and lighter 
than magnesium. May be ground to 
tolerances of 0.0005 in. Has many il- 
lustrations showing applications for 
this new engineering material. 





(O-8) 
Corning Corp., 


SILICONE RESIN — Dow 
Booklet, 6 pp. Has 
tables of physical and electrical prop- 
erties measured on silicone laminates 
| made with a variety of glass coth. Also 
| has applications and recommended 
| impregnating and laminating proce- 
| dures, plus a graph showing the ther- 
mal life of the silicone laminating 
resins. 


(O-9) LACQUER EMULSIONS — 
| Hercules Powder Co., Booklet, 8 pp. 
| New developments in emulsifying 
| agent techniques and uses are de- 
| scribed, including data on film-formers, 

resins and plasticizers, solvents and 
| diluents, emulsifiers, coloration, emul- 
sifying equipment, and emulsion sta- 


bility. 





(O-10) CASTING RESINS — R. S. 
Aries & Associates, Booklet, 8 pp. Has 
complete engineering specifications on 
potting and casting resins for electrical 
work. Gives nature of the resins, the 
various properties, applications, and 
methods of use. 
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MONSANTO 


SERVING INDUSTRY... 
WHICH SERVES MANKIND 
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UNT REX 


This “squeeze bowl” demonstration, and similar laboratory flexibility 
fatigue tests prove that new Lustrex Hi-Test 88 styrene is 5 times 
tougher than general purpose material ... has more flexibility than 
other styrene impact materials. 

Why not put this kind of quality and saleability in your product with 
new Lustrex Hi-Test 88 styrene? Its greater hardness and superior 
resistance to strain more than match that of other high impact 
styrenes. 


Lustrex Hi-Test 88 has exceptional stability, surface finish and mold- 
ability. It is suitable for vacuum forming and extruding. Because it 
orients less— varies less in internal stress where there are adjacent 
thick and thin sections—Lustrex Hi-Test 88 is particularly suited 
for applications involving lacquering. 

The coupon below will bring you immediate information on how 
Lustrex Hi-Test 88 can dramatically improve the quality and sales 
power of your product. 


MONSANTO CHEMICAL COMPANY, Plastics Division, Room 2108 
Springfield 2, Mass. 
Please send me full information on Lustrex Hi-Test 88 styrene. 


Name & Title _ 


Company 





Address ] 





City. Zone, State 





€ Dippgd, 
extruded rubber parts, fabricated 
ad ports". . vost, complete 
facilitles . . . new, advanced pro- 
uction methods . . . these ARco 
rvices assure you rubbem parts 
that will meet your “tightest?” pro- 
duction schedules. 


Give your product the odvdnt ges 
of sound abatement, electrical and 
š h — 
thermal insulation, corrosión and 
abrasion resistance withyrubber. 


Consult ARco engineers on rubber AUTOMOTIVE 
componen! requirements, No obli. RUBBER COMPANY +: INC. 


gation. Manufacturer esigners » Engineers 


Valuable literature 12558 2 


avoilable—W rite 
“r ARce RUBBER PROCESSORS 


ANYTHING CAN BE COVERED WITH RUBBER BY. 


Put Auburn's engineering 
“know-how” and production 
facilities to work producing plastic parts for your 
product! Backed by 78 years experience! 


Our Diversified Facilities Include: 

è Compression, transfer and high-speed 
plunger presses up to 600 tons capacity. 
Extrusion machines up to 4⁄2” screw size. 
Automatic rotary presses. 

Injection machines up to 22 oz. capacity. 
Vinyl dry blend compounds. 


Finer-textured, more uniform styrene 
sheets now available up to 51” wide... 
up to '4" thick. Any color. 


Tool and die shop * Engineering services. 


Ausurn Button Works, Inc. 


Main Office and Factories Auburn, New York 


Catalogs and Bulletins continued 


(O-11) ENCAPSULATION RESINS 
—Aries Laboratories, Inc., Bulletin, 14 
pp. Describes the use of Airtemp cast- 
ing resins for the encapsulation and 
embedment of electronic components 
and circuit assemblies. Have good ad- 
hesion to metals and plastics, and have 
low moisture absorption and vapor 
transmission. Used in temperatures 
from —60 to 4-200 C. 


(O-12) SILICONE FINISHES—Dow 
Corning Corp., Data Sheet 7-100, 5 pp. 
Explains the difference, in terms of 
performance, between the 100 percent 
silicone, the silicone-alkyd, and the 
modified silicone finishes. Examples 
are given and general recommended 
application methods are discussed. The 
use and performance of silicone fluid 
additives for organic-based finishes are 
also mentioned. 


(O-13) INDUSTRIAL PLASTICS— 
Joseph T. Ryerson & Son, Inc., Bulle- 
tin S-1-20-4, 16 pp. Has data on the 
manufacture, grades, properties, fabri- 
cation, and use of laminated plastic 
sheets, tubes, rods, and special shapes. 
Performance records of plastic bear- 
ings in industrial and marine service 
are included. Also covers decorative 
plastic sheets for homes and commer- 
cial use. 


(O-14) ELECTRICAL INSULATING 
MATERIALS — Insulation Manufac- 
turers Corp., Catalog, 32 pp. Has com- 
plete technical data, descriptions and 
information on applications, sizes, 
stocks and uses of silicone materials 
for high temperature Class H electrical 
insulation. Covers silicone treated: 
glass cloth plastics; mica products; 
glass tubings and sleeves; glass cloth 
and tape; glass cord; and varnishes, 
adhesives and grease. 


(O-15) COATING, LINING, SUR- 
FACING MATERIALS — Carboline 
Co., Div. of Mullins Non-Ferrous Cast- 
ings Corp. Bulletin 100, 4 pp, is an 
attempt to define the serviceability, 
cost and life of each material in a line 
of corrosion resistant coatings. Corro- 
sive service conditions are placed in 
broad classifications, and coating life is 
estimated. The practical limitations of 
each material are made clear by tabu- 
lated data. Included are phenolics, 
furans, neoprenes, vinyls, rubber base 
resins and epoxies. Primer recommen- 
dations are also given. 
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This is KONPE 


You'll find many ways it will improve 
your product, reduce its cost! 


nul 


STRETCHABLE, PLIABLE, FORMABLE 











can be USED 


. like cloth 
. instead of rubber 
. «. in place of cork 
T and for jobs where no other material will d. 















Formed — | e A4 Creased 


Kor corse " — £^ saturated 


NL 











Sewn, taped 
and imprinted 


` 


— Bone 
I 4s P Die-Cut | 
Z! 


Nea ZM Waterproofed 


“< 





Gli ued or 
cemented 









Z 
° Feel the 
For typical uses OÍ $ cloth - lika 
pa. | * texture, 
 cindus Ber i3 
ru d form it, 
et fold it. 


4t 
a 







Indented or 
Embossed 





























































Basic X-CREPE (like this. sheet). 
Versatile, low-cost. Replaces, often 
outperforms expensive materials 
like cloth, rubber, cork. Provides 
desirable bulk without excessive 
weight. 


P <-CREPE laminated to itself or to 


cloths, fibers, films or foils to make 
it extra strong, impermeable, mois- 
ture and water-resistant, strong 
when wet. 


Any grade of K-CREPE can be em- 
bossed with thousands of shock-ab- 
sorbing, bulk-imparting '*dimples'' 
to produce cushion effect. X. 
CREPE's unique stretchability and 
formability make possible this un- 
usual material. 


Write teday for your 
| Free Cindus Design 
—  Lagineer's 
Portfolio 





J 
T 


CUSHION 





KONPE 


| There are 3 Kinds of X-CREPE 


t 


USED when resin-impregnated as 
core stock in laminated plastics. 
Won't crack or split when later 
formed into compound curves. 
USED as edge binding to replace 
felts and fabrics. 


USED as ''plumper" or backing 
material for leather and films. 
... AND SCORES OF OTHER APPLICATIONS! 


USED as a go-between for metal- 
to-metal, fabric-to-metal, fabric-to- 
wood, and padding-to-fabric con- 
struction details. 

USED to replace coated fabrics. 


... AND DOZENS OF OTHER APPLICATIONS! 


USED to wrap electronic lamps, 
protect them against shock of 
shipping and handling—reduce 
size of carton. 

USED as an insulation wrap. 


. +» AND MANY OTHER APPLICATIONS! 


@ We make hundreds of grades of X-CREPE. The sheet you see 
here is just one type. Each grade has distinctly different character- 
istics. The CINDUS DESIGN ENGINEER’S PORTFOLIO is your 
personal reference file containing samples of representative grades 
and complete information. Special grades can be tailored to fit 


your needs. 





a. Your personal reference file with representative samples and complete information. 


CINCINNATI INDUSTRIES INC. 
300 Carthage Avenue 


Cincinnati 15, (Lockland) Ohio 


€ X-CREPE is the trademark of Cincinnati Industries Inc. 
for its double-creped products. 


led ae Ra. MM 


DU PONT 


VITREOUS ENAMEL 


FOR ALUMINUM 


Ats us PaT OF 


BETTER THINGS FOR BETTER LIVING 
. . . THROUGH CHEMISTRY 


Appliance Parts 


now made possible with DU PONT VITREOUS ENAMEL 
Get all the advantages of aluminum— 
in colors that help your product sell better 


The remarkable properties of Du Pont vitreous enamel for aluminum 
permit a new, wider use of lightweight aluminum alloys. This outstanding 
protective finish enables you to take advantage of aluminum’s desirable 
features in a variety of structural and decorative applications. And 
Du Pont vitreous enamel adds a wide color appeal to your household and 
industrial products—gives them another important sales advantage. 


Vitreous enameled aluminum can be sheared, sawed, drilled and punched 
without damage to the coating. Costly prefabrication is eliminated because 
standard size enameled sheets can be cut to size on the job. 


Almost unlimited range of colors and degrees of surface gloss available . . . can 
be produced in multi-color effects by masking, spray or screen stencil processes. 


Du Pont vitreous enamel for aluminum is lightfast . . . displays excellent re- 
sistance to corrosion, abrasion, thermal shock, impact and flexing . . . has a 
high dielectric strength. 


A standard thickness coating of vitreous enamel increases the rigidity of sheet 
£luminum as much as 60 9;! 


Vitreous enamel is readily applied by ordinary enameling and firing procedures. 


FOR MORE INFORMATION SEND FOR 
YOUR FREE COPY OF THIS BOOKLET 


Vitreous enamel for aluminum is fully described in this 
free booklet— just fill out and send in the coupon below. 


` 


E. I. du Pont de Nemours & Co. (Inc.) PEH 
Electrochemicals Department, Wilmington 98, Delaware 


Please send me a free copy of your booklet on Du Pont Vitreous Enamel for 
Aluminum. I am interested in enameling the following types of work 


Name a a ee MÀ oO 0 0 0 
Firm 
Address 


City 


TU TTTTITIIIIITIITIT. 


Product Engineering — 1955 Annual Handbook 





Where to use 


r-on 
Chromate Type | 
ConversionCoatings 


Luster-on products meet such Govern- 
ment Specifications as: 

OS — 1374 

72 — 53 

AN — P — 32a 

QQ — P — 416 

QQ — Z — 325 


Luster-on K, 15, 25, 25AB for 


Bright, clear, decorative finishes 
or iridescent and color coatings to 
meet the toughest corrosion re- 
sistance requirements on zinc plate 
and zinc-base die castings. 


Luster-on CD Special for 


Brilliant finish and outstanding 
corrosion protection on cadmium. 


Luster-on Khaki Drab and 
Olive Drab for 


Maximum protection with least 
possible metal removal on zinc 
plate and zinc-base die castings. 


Protective Dip #60 


Golden protective finish for mag- 
nesium. 


Luster-on Cobra 


Produces bright lustrous surface 
on copper and brass. Offers ex- 
cellent corrosion and tarnishing 
protection. Eliminates buffing op- 
erations. No toxic fumes in this 
process. 


Luster-ON finishes, used by many 
of the country’s largest metal 
finishers, have established them- 
selves over ten years as a dependa- 
ble, low-cost treatment for thou- 
sands of metal items. Data sheets 
and technical service are available 
without cost or obligation. 


Send Sample Parts for Free Processing 


ificati 
to your Specifications * 


69 Waltham Ave., Springfield 9, Moss. 


Catalogs and Bulletins continued 


(O-16) GLASS LAMINATES FOR 


SHELL STRUCTURES—Lunn Lami- | 


nates, Inc, Oakwood Rd. and W 11 
St, Huntington Station, Long Island, 
N. Y. Brochure, 24 pp, is first com- 
prehensive study of glass fiber lami- 


nates for shell structures. Equations, | 
diagrams and charts show advantages 
| of these laminates. 


(O-17) PLASTIC HOSE—Resistoflex 
Corp., Belleville, N. J. Bulletin, 4 pp 


Has information on Fluoroflex-T hose | 
and hose assemblies, a new plastic hose | 
made from Teflon and designed to | 


withstand highly corrosive fluids from 
temperatures —100 F to 4-450 F. De- 
scribes test results, sizes and construc- 
tion features 


(O-18) POLYESTER FILM APPLI 


CATIONS—E. I. du Pont de Nemours | 


& Co., Technical Bulletin 1-2-53, 18 
pp. Contains information on the physi 


cal, electrical, and chemical properties | 


of Mylar polyester film, and suggested 
applications. Has several charts, dia- 
grams, and tables, and compares it to 
cellophane, polyethylene, and acetate 


(0-19) PHENOLIC MOLDING 
PLASTICS—Bakelite Co. Booklet M-1, 
18 pp. Information about the proper 
ties, test values, molding techniques, 
and applications of phenolic plastics 
Discusses 5 types of molding plastics 
general purpose; improved impact 
heat-resistant; low-loss electrical; and 
special purpose. Lists mechanical, elec 
trical and other test results, and has 
illustrations of typical products. 


(0-20) METAL PROTECTIVI 
COATINGS — American Chemica! 
Paint Co. Booklet, 12 pp. A quick ref 
erence guide to chemicals and processes 
for metal preservation. Has selection 
chart listing method of application, 
type of coating, chemical, typical 
metal products treated, coating time 
and weight range. 


(O-21) MOLDED RUBBER PROD. 
UCTS—The Spencer Rubber Products 
Co., Bulletin 54-A, 8 pp. Shows prod- 


ucts and facilities for the molding of a 


variety of rubber products such as | 
pump and valve diaphragms, hose, | 
belting, linkage, boots, tubing, gaskets, | 
bushings, electrical insulating parts, | 


and others. Contains a glossary of 
terms and a detailed chart on how to 


| specify rubber. 








Model 5-25 
Automatic 
Gas Fired 

"INCINOR" 
Mfd. by 

BOWSER, INC. 

finished 

in white 
SICON 


The sparkling white finish of 
this home incinerator stands 
flash temperatures of as 


th as p | 
It's 


Sicon 


Silicone Coating 


SICON withstands the shock of 
high heat combustibles without 
peeling or blistering. Retains 
luster and beauty over long pe- 
riods of time. Now used on all 
INCINOR models. SICON, the orig- 
inal silicone finish, has proved 
best for a long list of other na- 
tionally known products. 
WRITE FOR 
BULLETIN 531 


Sicon 


EN. 


"m 
UJ ndustwual JuwusheA4. Vc 


Waukegan, Illinois 


HET 
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may solve your design problems... 


ADVANTAGEOUS USES 


Enrup, other new synthetics, 
sheet plastics, rubbers, or metals 
molded or laminated to engi- 
neered hardwoods offer advan- 
tages for many design applica- 
tions. To mention only a few, 
GAM-EN-WOOD in one or another 
of its many forms is especially 
suited for the following: 


industrial flooring 
truck floors 
baffles 

conveyor rolls 
conveyor slats 


wood core factory truck 
wheels 


electrical panels 
chemical tanks 


railroad crossing planks 


For actual case histories of out- 
standing performance records set 
by GAM-EN-WOOD, write directly 
to Gamble Brothers' Product De- 
velopment Laboratories. 


Combining the specific mechanical and chemical 
properties of properly selected species of hardwood 
with those of new synthetics, plastics, rubbers, or 
metals, by molding or laminating them to the engi- 
neered wood solves many difficult industrial problems. 


Most exceptional are the characteristics available 
in the combination of the new synthetic Enrup, re 
search product of United States Rubber Company 
with selected and engineered woods. This type of 
GAM-EN-WOOD provides extreme resistance to 
gouging, splitting, splintering, and abrasive wear; to 
weather in any climate; to most industrial chemicals 
even to fire. Freedom from arc-track, which can be 
critically important where danger of explosion exists 
is another advantage of GAM-EN-WOOD formed 
with Enrup. It is strong, mechanically rigid, and able 
to withstand high distortions without rupture. Its 
resilience, another important property, can be custom 
formulated to specification within a range from 85 
Shore Durometer A with a modulus of 5,000 to 80 
Shore Durometer D with a modulus of 250,000 


For further details, send for free descriptive folder. 

Gamble Brothers’ Product Development Depart- 
ment willingly offers its creative engineering assist- 
ance to help you solve your design and application 
problems—without obligation. Write today. 


FOUNDED 1895 


GAMBLE BROTHERS, Inc. 


LOUISVILLE 9, KENTUCKY 
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Roth © Rubber Solves 
Rubber Problem 
for West Coast 


Manufacturer! 


A 


A viewing hood for an oscilloscope 
seems like a simple problem for the 
rubber technologist, yet it is significant 
that Tektronix, Inc., of Portland, had 
Roth Rubber, in Chicago, provide the 
solution, The viewing hood must not 
crack or buckle, has to adjust to any 


face and must exactly fit the Tektronix 
scope. Roth engineers solved this’ 


problem—they can solve yours. 


Engineers and Rubber Buyers! 
Write for your free Roth Rubber Sampler. 
This unusual kit contains actual rubber 
samples with hardness from 5 to 100 
Durometer . . . gives ASTM specs and 
lists uses for each sample. Sorry, but 
offer must be limited to engineers and 
rubber buyers only. Please ask for 


Roth Rubber Sampler No. PH2. 


Custom Manufacturers of Industrial Rubber 
Products since 1923. 


| nova nvweER company ) 


1856 S. 54th Avenue, Chicago 50 


Send Roth Manual 


Please comment on attached description of our 
rubber problem or production rubber requirements. 


Name 
Position 
Company. 
Address 
City 





Catalogs and Bulletins continued 


(0-22) PLASTICS, COATINGS, RE- 
SINS —Narmco Resins & Coatings Co. 
Bulletins. A series of bulletins on a 
variety of reinforced plastics, structural 
foils, resins, putty, high temperature 
resistant laminate, metal bond adhe 
sives, and high temperature adhesives 
Has many illustrations, property lis- 
ings, and application data. 


(O-23) EXTRUDED PLASTICS — 
Midwest Plastic Products Co., Booklet, 


‘8 pp. Discusses the variety of sheets, 


tubes, and shapes. Possible to extrude 
sheet widths from 34 in. to 38 in. and 
thicknesses from 0.010 to 0.030 inch, 
and tubes from !4 to ?4 in. O. D. 
Large chart lists types of plastics avail- 
able, and their uses and properties. 


(O-24) ETHYL CELLULOSE COAT- 
INGS—Hercules Powder Co. Booklet 
500-199, 14 pp. Explains the use of 
ethyl cellulose in specialty coatings, 
and shows how the unusual properties 
can be used in coatings for surfaces as 
polystyrene, rubber, metal, wood, and 
paper. It is also being used as the base 
of liquid adhesives, strippable protec- 
tive coatings, and gel lacquers. 


(O-25) SILICONE PAINTS — Dow 
Corning Corp. Data Sheet 7-100, 5 pp. 
These finishes may be divided into 3 
categories by vehicle content: 100 per- 
cent silicone; silicone-alkyd; and modi- 
fied silicone. After that the range of 
silicone-based formulations is almost 
limitless. This booklet explains the dif- 
ferences in terms of performance, with 
examples given and general recom- 
mended application methods discussed. 


(O-260 CERAMICS PROPERTY 
CHART—M. Kirchberger & Co., Inc. 
Booklet, 4 pp. To aid in the design 
and selection of insulators, this chart 
contains mechanical and electrical 
properties of steatites, alumina, cor- 
dierite, porcelain, and lava, for elec- 
trical, electronic, and chemical appli- 
cations. 


(O-27) CAST PLASTIC SHEETS— 
Cast Optics Corp. Catalog, 12 pp. De- 
scribes and illustrates applications of 
clear cast thermoset Cocor plastic 
sheets. Unusual properties, such as 
high abrasion and heat resistance, 
toughness, and complete solvent re- 
sistance are featured. Technical prop- 
erties and fabrication data are in- 


cluded. 
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Catalogs and Bulletins continued 


(O-28) MOLDED PLASTICS—Chi- 
cago Molded Products Corp. External 
house organ, 8 pp. This first issue of 
new periodical contains application 
stories on molded plastics parts made 
by this company. 


(0-29) SILICON CARBIDE FACTS 

The Carborundum Co. Booklet, 52 
pp. Informative data on silicon carbide, 
its Many properties, electrical resistiv 
ity, and temperature characteristics. 
Also covers: grain preparation, prod- 
ucts, bonded and coated abrasives, 
refractories, resistors, metallurgical 


uses, and miscellaneous products. 


(0-30) ELECTROPLATED GOLD 
—Technic Inc. Booklet, 4 pp. Contains 
physical, electrical, thermal and chemi- 
cal properties of this material. Also 
has curves on optical properties, and 
the effect of gold concentration on 
current efficiency. Other data covers 
electroplating specifications; diffusion 
coefficients; applications; and nickel 


gold. 


(O-31) METAL COVERED WOOD 
—Met-L-Wood Corp., Bulletin, 521, 
16 pp. Shows how it is made; com- 
pares strength to other materials; illus- 
trations of the different types of edges; 
hints on how to fabricate and install 
the wood; and illustrations of the vari- 
ous applications. Lists metals used; 
woods and other materials used; and 
weights of various gage panels. 


(O-32) REINFORCED PLASTICS— 
The Dynakon Corp., Booklet, 12 pp 
Data on laminates and moldings of 
synthetic materials having good elec- 
trical, chemical, mechanical and physi- 
cal properties. All properties are given, 
along with fabrication, machining and 
cutting technique, plus sheet and rod 
SIZES. 


Use postcards following page 24 


for your copies of these catalogs 


and bulletins. 


IRIDITE 


PROTECTION! Iridite blocks corrosion by sealing off the 
metal from contact with vapor, moisture or other corro- 
sive elements; retards galvanic corrosion by blocking 
metal to metal contact. And Iridite holds paint firmly, 
prevents underfilm corrosion or corrosion from moisture 
penetration through the paint film. 


DECORATION! Iridite is available in a variety of basic and 
dyed colors, including sparkling bright coatings, for deco- 
rative final finishing. Colors are also useful for parts 
identification. Here's how you can use Iridite: 


AND CADMIUM you can get highly corrosion resistant 
finishes to meet any military or civilian specifica- 
tions and ranging in appearance from olive drab 
through sparkling bright and dyed colors. 


Iridite brightens copper, keeps it tarnish-free; also 
lets you drastically cut the cost of copper-chrome 
plating by reducing the need for buffing. 


Iridite gives you a choice of natural aluminum, a 
golden yellow or dye colored finishes. No special 
racks. No high temperatures. No long immersion. 
Process in bulk. 


Iridite provides a highly protective film in deepen- 
ing shades of brown. No boiling, elaborate cleaning 
or long immersions. 


AND IRIDITE IS EASY TO APPLY. Goes on at room temperature by dip, brush or 
spray. No electrolysis. No special equipment. No exhausts. No specially trained 
operators. Single dip for basic coatings. Double dip for dye colors. The protective 
Iridite coating is not a superimposed film, cannot flake, chip or peel. 


WANT TO KNOW MORE? We'll gladly treat samples or send you complete data. Write 
direct or call in your Iridite Field Engineer. He's listed under “Plating Supplies” in your 
classified telephone book. 


\tureo Research Propucts 


NCORPORATED 


4004.06 E. MONUMENT STREET * BALTIMORE 5, MD 


lridite is approved 
under government 
specifications 
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NEW BOOKS 


Fabrication & Production Processes 


Induction and Dielectric Heating 
by J. Wesley Cable, Consultant En- 
gineer. 6 x 9 in., 576 pp. Publisbed 
by Reinbold Publisbing Corp., 330 
West 42 St., New York 36, N. Y. 
$12.50. 


A carefully organized treatment of 
the latest uses and applications of 
high-frequency heating in industry. 
Divided into two major sections, deal- 
ing with induction and dielectric heat- 
ing respectively, the book contains 
sufficient theory to enable the reader to 
understand fully the basic phenomena 
applicable to both methods. 

The approach in each section is sim- 
ilar. Each begins with the funda- 
mental theory of high-frequency mag- 
netic and dielectric fields, and the 
operating principles of equipment 
used as sources of electrical energy. 
Coil and electrode design are then 
covered fully, together with the con- 
struction of mechanical jigs and fix- 
tures, and work handling methods. 

Subsequent chapters divide the sub- 
ject into specific applications: forging, 
melting, brazing, hardening and other 
metal working operations in which in- 
duction heating plays a part; and to 
the fields of plastics, woodworking, 
food processing and others in which 
dielectric heating finds applicacion. 


Materials and Processes by James 
F. Young, Major Appliance Div., 
General Electric Co., Erie, Pa. 6 x 9 
in. 1,074 pp. Publisbed by Jobn 
Wiley & Sons, Inc., 440 Fourth 
Ave., New York, N. Y. $8.50. 


The emphasis in this revised edition 
is (1) to expand the coverage of non- 
metallic materials, constructional mate- 
rials, and many materials and processes 
used in product industries; (2) to 
bring the presentation up to date with 
latest developments in physical metal- 
lurgy and chemistry, both in theory 
and in available materials, (3) to re- 
order the presentation, and (4) to add 
typical material property data and 
process tolerances. 

Most of the chapters have been com- 
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pletely rewritten to accomplish these 
objectives. New chapters have been 
added on Metallographic Examination; 
Structure and properties of Nonmetal- 
lic Materials; Rubber; Ceramics, Por- 
celain and Glass; Miscellaneous Non- 
metallic Materials; and Statistical 
Methods Useful in Quality Control. 
The old Heat Treatment chapter has 
been brought up to date and consoli- 
dated with chapters on Alloys, Iron 
and Steel, and Heat-Treating Processes 
to avoid duplication. Sections have 
been added on Tarnishing, Electric 
Contacts, and Nondestructive Testing, 
and the coverage has been expanded 
on many subjects, such as bearing 
metals, superalloys, nonferrous ele- 
ments, and pressure welding. 

In the study of metallic materials, 
properties are covered first and then 
specific materials available are reviewed 


Protective Atmospheres by A. G. 
Hotchkiss, H. M. Webber, Indus- 
trial Heating Dept., General Elec- 
tric Company. 6 x 9 im., 341 pp. 
Published by John Wiley & Sons, 
Inc., 440 Fourth Ave., New York 
16, N. Y. $7. 


Protective atmospheres are saving 
money, improving quality, and speed- 
ing production in industry. This book 
is designed not only to give process 
engineers, plant engineers, and metal- 
lurgists a usable understanding of the 
various phases of these protective at- 
mospheres, but also to help them select 
the best atmosphere gases for given 
jobs and apply them profitably. 

Tabulated for ready reference are 
data showing compositions and costs 
of typical protective-atmosphere gases, 
common industrial processes in which 
they are used, materials processed, re- 
quirements met, and atmosphere gases 
recommended for specific applications. 
This summary is expanded to cover 
atmospheres for preventing or reducing 
oxides, preventing decarburization, for 
carburizing, carbon restoration, and 
nitriding; instruments for analyzing 
controlling, and measuring gases; and 
gas storage, distribution, and handling. 


Of special note is a chapter devoted 
to protective atmosphere ailments and 
their remedies, in which simple tests 
are given to determine the causes and 
results of discoloration, oxidation, or 
decarburization. In this volume no 
attempt has been made to cover all 
types of gases available for particular 
jobs or all conceivable applications for 
any one gas. It considers only those 
gases most commonly used at present 
in the United States. 


U.S. A.F. Machinability Report, 
Vol. 3—Titanium written by James 
Van Voast, Test work by Metcut 
Research Associates. 7 x 10 in., 153 
pp. Published by Curtiss-Wright 
Corporation under contract with 
U.S.A.F. $4.75. 


Titanium metals and alloys are still 
new. Production applications are scarce 
and interest has been focused largely 
on properties, availability and cost of 
the material rather than the manufac- 
turing problems that will be involved. 
The contents of this book should 
enable production planners to make 
accurate estimates of machine tool 
needs, power, cost and productivity 
as soon as experimental prototypes pass 
their tests. 

While the tool-life data in the pre- 
ceding volumes was at a high level of 
refinement and stressed the importance 
of careful control of heat treatment 
and microstructure, this work must 
start at the elementary level. Explora- 
tory tests to confirm or disprove the 
early indications were made. Detailed 
and controlled “basic” tests of many 
types to learn as much as possible about 
the behavior of titanium during ma- 
chining were made. A wide variety of 
tool materials and setups were tried. 
Many special techniques were investi- 
gated in the hope of finding a simple 
solution to the peculiar difficulties in 
machining titanium. 

The program consisted of conven- 
tional setups under the more promis- 
ing conditions and the testing of a 
wide range of speeds and feeds for the 
obtaining of commercially-useful tool- 
life data. 
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Table I—Forming Temperatures for 


Magnesium Alloys 


Dowmetal Condition 


Alloy 
FSI-O Annealed 
Hard Rolled 
Annealed 


Working Temp. 
Range, F 


400-500 
| 275-300 max* 
| 550-650 


*300 F may be used if metal is at temperature 


15 min. or less. 


Dow Chemical Co. 


Fig. 1—Electrically heated press brake dies 
using strip heaters on top and bottom dies. 


Dow Chemical Co. 


Fig. 2—Special upper die holder incorporat- 
ing strip heaters for die. Insulation between 
die holder and press limits heat loss. 


Dow Chemical Co. 
Die 


SEVEN WAYS 


of Forming Magnesium Sheet 


Although magnesium is reputed to be difficult to form, the 


facts are that it can be fabricated with less trouble than most 


other sheet metals. Here are data, supplied by the production 


engineering department of Brooks and Perkins, Inc., on the 


processes generally specified 


THE POOR FABRICATING qualities gen- 
erally attributed to FS1-O or FS1- 
H24 magnesium sheet have factual 
basis only at room temperature. 
When heated to between 275 and 
700 F, ductility increases so rapidly 
that ease of forming and drawing is 
greater than for aluminum, brass, or 
any of the ferrous alloys. Thus, it is 
possible to perform in one drawing 
operation what ordinarily would re- 
quire three draws plus intermediate 
anneals to accomplish, and to obtain 
equal benefits in spinning, bending, 
stretching and other processes. 

Prior to these operations, however, 
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the sheet generally is pre-cut. The 
same procedures used for aluminum 
can be adapted with little change for 
magnesium. Shearing, sawing, rout- 
ing, and blanking are the processes 
generally specified; all are similar in 
both technique and time to the meth- 
ods used for cutting aluminum. How- 
ever, magnesium shears differently 
from steel in that it appears to break 
about halfway through. Thus, punch 
and die clearance is held to about 1 
percent as compared to one-tenth of 
the metal thickness for steel, and 
maximum sheet thickness is held to 
14 in. or less for blanking; as a matter 


of fact, 5/32 in. is a more practical 
limit, although sheets have been 
blanked up to 1⁄4 inch 

On a standard router, magnesium 
can be stack routed in thicknesses up 
to 3/16 in. without burr. More chip 
clearance can be used on the tool, and 
a single flute as compared to a two 
flute tool for aluminum, is practical 
because of freer cutting. 

Sawing also is faster as might be 
expected, and along with shearing 
and routing, is used when anticipated 
production is too low to justify the 
cost of blanking dies. As between 
the aforenamed processes, cost and 
equipment availability are usually the 
determining factors 

All pre-cutting operations are done 
at room temperature. It is afterwards 
that the metal is heated to facilitate 
fabrication and prevent springback 
after severe forming operations. The 
temperature naturally is dependent 
on the sheet thickness, severity of op- 
eration, time at temperature, and 
composition and temper of the stock. 
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Fig. 3—Minimum punch radius for magnesium 
alloy sheet. Curves are for 90 deg bends at vari- 
ous temperatures in terms of sheet thickness. 


Dow Chemical Co. 





Table II —Radii for 90 Deg Bends in Magnesium Alloy Sheet 


T 


Min. Typical Radii at Temp. F. 
Condition | Radii 
|at70F 70 300 


Dowmetal] 
Alloy 





400 | 6001] 


FSI-0 
FSI-H24 
M-0 
M-H24 


Annealed 
Hard Rolled 
Annealed 
Hard Rolled 


PSt | 4.5t i1-2t 
` 10t 8t ! 


i 4.5-6t ' 
7t 5.5 "3-4t 


12t *6—7t 


Springback 8 to 10 deg for annealed sheet 
12 to 15 deg for hard-rolled sheet 


TO | 200 300 400 500 600 700 


Temperature F 


FS1-O (annealed) IS 
temperatures up to i00 
occasionally as high as 
held to 275 F 


above that 


Generally, 
formed at 
500 F, and 
700 F; FS1-H24 is 
max else it loses hardness 
heat. (Table I). 

Gas heated hot plates are 
less standard for heating small diam 
eter blanks that are to be —* in 
form dies, Conveyor fed gas ovens are 


E Or 


more practical for large blanks—es 
pecially those formed on draw dies 
when production runs arc substantial; 
portable g used 
Torch heating is generally limited to 
low production parts, and while in 
* electric ovens are sa itisfactory, 
they are expensive to operate. Most 
blanks for hydroforming are heated on 
blocks in gas fired ovens so that dimen 
sions can be held and the blank can be 
put over die pins without difficult 

Heating equipment generally is not 
built into a die. An ordinary gas pipe 
with No. 40 holes on 54 in 
will generally hold a die at tempera- 
ture if it is heated bela: being placed 
in the press. While crude, this method 
of heating is satisfactory, inexpensive, 
and can be used without change for a 
number of dies. Cartridge type electric 
heaters are usually confined to nigh 
production, high quality dies and : 
built into the block. 

The forming method that is used 
after heating depends on several fac- 
availability of equipment, quan- 


yas fired ovens also are 


centers 


tors: 


tity of parts to be produced, part size 
and complexity, thickness of sheet, and 
tolerances to be held, among others 
The simplest, and the method most 
often used for the forming of mag- 
nesium, is press brake bending 


l. Bending 


Straight short radius bends can be 
made on magnesium by press brakes, 
leaf brakes or by hand operation. The 
deciding factors are the amount of 
bend, length of bend and production 
quantity necessary. Die and rubber 
forming methods are used in flanging 
operations where right angle bends to 
each other would complicate press 
brake operation Various standard steel 
dies plus dies in which the upper blade 
is bottomed in rubber retained in a 

U-shaped bottom dies are used in brake 
pr cesses 

Press brake dies can be heated by 
electric strip heaters, Fig. 1, as the flat 
surface presented by this type tool is 
ideal for this application. Heaters are 
not used on a female die that contains 
rubber. The dies should be insulated 
from the press to shorten heating time, 
to prevent the die from heating ex- 
cessively, and to conserve heat. Bot- 
tom dies are easy to insulate; top dies 
more difficult; however, a special blade 
holder incorporating insulation can be 
used. A method of insulating is shown 


in Fig. 2, where temperature control 
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manual 
thods pre heat the 
magnesium sheet and heat the dies, 
heat the sheet by contact with the dies, 
or the sheet may be preheated and the 
die used cold. The last method should 
be used only where the operation is 
fast and forming is accomplished be- 
fore the dies can chill the sheet. In 
making long bends, the tendency of 
heat to cause warpage can be reduced 

the dies are used at room tempera- 
ture and the sheet heated 

Folding leaf brakes have not been 
used because of the heating problems 
encountered on standard equipment 
Special types are being studied where 
the bending edge is insulated from the 
remainder of the machine. It is be- 
lieved that the action of pulling the 
sheet being formed against the bend. 
ing edge will stop the warpage prob- 
lem encountered in making long free 
bends on a press brake 

Pre-production usually 
hand formed. The heated magnesium 
is hammered or bent over a model or 
block. Rubber, plastic, or soft metal 
hammers are used. Because most such 
hand forming is done hot, it is usually 
necessary to use a metal block or model 
that has relatively good heat conduc- 
tivity, yet will not melt or deform at 
the temperatures used. Heat is applied 
to the sheet by hand torches. 

Suggested minimum bend radii in 
t thickness for room tem- 
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could be either automatic or 
Other heating me 


models are 


terms of shee 





perature forming are given in Table II. 
The data were obtained by making 90 
deg bends in both directions relative to 
the original flat sheet surface in 6 in. 
wide specimens with the bend perpen- 
dicular to the grain direction. Bends 
parallel to the grain direction can usual- 
ly be made somewhat smaller than 
those listed as the sheet generally has 
better elongation in the traverse direc- 
tion. The curves in Fig. 3, show the 
effect of temperature on the smallest 
die radii. These curves were obtained 
from testing material having typical 
properties but the values plotted are 
not to be considered typical because of 
the limited number of test bends made. 

The preceding data relate to the 
forming of minimum bend radii at ele- 
vated temperatures when fast acting 
bending machines are used. If hydrau- 
lic equipment is used having fairly slow 
forming action, smaller bends can be 
made. FS1-O and M-O sheet have been 
formed to 90 deg bends with practical. 
ly a zero radius on production items. 
Commercial M-O sheet has been bent 
through 180 deg with no radius at 600 
F without cracking or alligatoring by 
using a press speed of 1 in. per min 
to finish the bend. 

Extruded strip stock 0.090 in. thick 


Table HI—Room Temperature Bend 
Radii for Extruded Strip 


Dowmetal Alloy Bend Radius 


01-T6 
01 
01-0 
]1 

M 

FSI 


0t 
0t 
0t 
5t 
5t 
5t 


wuouwnoceo 


Dow Chemical Co. 


may be bent to the value showu mı 
Table III at room temperature. While 
these data are not of much value in 
predicting the forming limits on ex- 
truded shapes, they do show the rela- 
tive formability of the materials. 

J-1, M, and FS-1 extrusions may be 
worked quite severely at 600 F. If 
O-1 extrusions are to be aged after 
forming, forming is accomplished at 
room temperature as there is no advan- 
tage in heating the material up to 350 
F, the maximum temperature that will 
not result in lowered properties. 


2. Rubber 
Die Forming 


Rubber die forming or the Guerin 
Process, Fig. 4, is highly adaptable to 
shallow parts such as aircraft ribs, spars 
and fairings that do not require draw- 
ing action. While the labor cost per 
piece is higher than for die formed 
parts, the savings on die cost and the 
speed with which dies can be pro- 
duced or revised overcome this dis- 
advantage, especially when only a 
limited number of parts are required 

Special compound natural rubbers 
and synthetic rubbers have been de- 
veloped that may be used with dies 
heated to 450 F. Slabs of rubber, 
with a 60 Durometer hardness, are 
cemented together to form a pad about 
6 in. thick. For average forming a 
pressure of approximately 1,000 psi 
minimum must be applied. 

Blocks for hot rubber forming are 
made from metals with melting points 
over 1,000 F. Metals with lower melt- 
ing points have been found to creep 
excessively when subjected to the heat 
and pressure used in the operation. 
Magnesium or aluminum alloys, either 
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machined from plate or cast shapes, 
have proven the most satisfactory as no 
allowance has to be made for expan- 
sion differences. They heat rapidly, are 
light and are easy to machine. 

Various heating methods may be 
used. The one most extensively used 
involves an oven to supply the heat. A 
blank is located on a forming block 
by means of 3/16 in. dia or larger pins 
and the assembly brought to heat in 
an oven, after which it is formed in 
the usual manner. The only difficulty 
is that the forming platen must be in- 
sulated to prevent rapid chilling that 
occurs if the heated die were placed 
on a cold steel platen. 

Another method is to heat the 
platen; the forming block bolted to the 
platen is heated by conduction. Blanks 
are heated in a preheating oven, then 
located on the forming block. 

In the first method, enough differ- 
ent parts must be available for a run 
so the dies can be circulated through 
the oven without having to wait after 
a part is formed for the die and new 
stock to heat. This method has the ad- 
vantage that if handwork is necessary 
on the part, it may be done as soon as 
the part and die are removed from 
the press while it retains sufficient heat. 
The second method is usually limited 
to parts that may be formed directly 
in rubber without handwork. If re- 
work is required, the part has to be re- 
heated and formed on the die after the 
run has been finished and it is removed 
from the press. A further disadvan- 
tage is that the constant platen heat re- 
sults in an earlier breakdown of the 
rubber than when it is intermittently 
exposed to heat. 

The electrically heated platen has an 
advantage where hard-rolled sheet is 
used in that the time at temperature 


Uitimote Tensile 
1000 Ib per sq in 


Tensile Yield 


Temperoture F 
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may be held to a minimum and higher 
temperatures used without increasing 
property loss as shown in Fig. 5. If 
this method is used and the rubber be- 
comes sticky, the part may be protected 
from the rubber by covering the blank 
with a sheet of wrapping paper or dust- 
ing it with cornstarch prior to forming. 

A forming temperature of 300 F 
for FS1-H24 sheet is usually used as 
this temperature results in only a 2 to 3 
percent property loss when heated for 
15 minutes. Stretch flanges of 40 per- 
cent have been successfully made at 
these temperatures. Flanges with 2.5 
to 3.0 percent shrink can be made 
without wrinkling but smaller radii 
require the use of cutouts or crimping 
to take care of excess metal. 


3. Solid Die Forming 


Hydraulic presses, Fig. 6, fitted with 
blank holding rams or cushions were 
recommended for forming work on 
magnesium alloy sheet. This still ap- 
plies for parts where the slow uniform 
speeds obtained with typical hydraulic 
presses (about 2 to 4 fpm) are needed 
in making deep draws, forming parts 
such as boxes with small radius cor- 
ners, making parts where the material 
must be severely stretched to make 
the shape and others. Recent work on 
mechanical presses fitted with hydro- 
pneumatic or pneumatic cushions, 
however, indicates these presses are 
equal to slow hydraulic presses. 

Parts that tend to pucker on the 
punch, for example those having irreg- 
ular rounding contours, have been 
formed at average speeds of 60 fpm 
with less trouble than on hydraulic 
presses with a speed of 3 fpm. The 
reason for the reduced puckering is 
probably that the greater speed gives 


less chance for the unsupported metal, 
between the nose of the punch and the 
radius of the draw ring, to cool and 
increase the puckering tendency. 

Single action presses not equipped 
with cushions may be used Tor hot 
drawing work by using springs or 
by clamping the holding plate with 
C-clamps or other mechanical means. 
These expedients are only recom- 
mended for temporary use, however, 
as springs lose their temper when 
exposed to the die temperature and the 
mechanical clamping means are slow 
and awkward to use. Control of 
clamping pressures is also inferior. As 
most presses may be fitted with cush- 
ions, this course is usually taken. 


4, Drawing 


Alloys of magnesium can be drawn 
from three to four times as deep in one 
operation as aluminum or steel. This 
property makes it practical to fabricate 
in one piece a part that, if made 
from other metals, would usually be 
fabricated by riveting or welding sev- 
eral pieces together. The fact that 
large pieces can be made from a single 
draw does away with all intermediate 
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anneals and only one set of dies are 
necessary. (Figs. 7 and 8). 

As a general rule, magnesium alloy 
parts can be drawn in one operation 
to a depth of from 11/ to 2 times the 
minimum width of the part. From a 
circular blank, the depth of draw 
can equal twice the diameter of the 
drawn part. Within reasonable limits, 
the thicker the sheet, the better the 
draw and the more easily it is formed. 
However, successful deep draws have 
been made from material as thin as 
0.020 in. and from material as thick 
as ¥ inches. 

The main difference in dies for 
working magnesium alloy sheet is that 
provisions must usually be made for 
heating, Fig. 9, and allowance must be 
made for difference in coefficient of ex- 
pansion when materials other than 
magnesium alloys are used in the 
dies. 

In parts where it is physically possi- 
ble to form the material to the punch 
by the pull exerted on the blank by 
the pressure ring and draw ring, an 
open type die construction is used; the 
female die does not bottom on the 
punch. Usually mating dies are not 
necessary; however, they are used for 
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Fig. 4—Rubber forming die with strip heaters at- 
tached to platen. Die is heated by conduction. 
Dow Chemical Co. 


| Thermocouple 
Connection __ 


Fig. 5—Effect of anneal time and temperature 
on room temperature properties of FSI-H24 sheet. 
Dow Chemical Co. 
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- 
Fig. 6—Typical solid die forming of magnesium 
sheet. Note punch for dimpling operation. 
Dow Chemical Co. 


Fig. 7—Diagram of die for deep drawing magne- 
sium sheet. This die-set consists of punch and pres- 
sure rings. No female die is used. Dow Chemical Co. 
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Fig.6 | Fig. 8—Half section of die-set for deep drawing. 
eH Female die is combined with top pressure ring. 
Dow Chemical Co. 
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parts having embosses or re-entrant 
portions, 

Pressure rings and draw rings are 
usually made from mild steel plates. 
In making dies from mild steel, it is 
important that the material be stress 
relieved at 1,200 F for one hour and 
air-cooled before finish machining to 
relieve stresses that might cause the 
die to warp in service. Even so, some 
mild steels have been warping in serv- 
ice and heat resistant tool steel, not 
hardened, is being tested. Heat resist- 
ing Meehanite cast iron has been 
tried and it has proved superior to 
mild steel. While the cost of Mee- 
hanite is higher than mild steel, the 
machining and polishing operations 
may be done in less time. 

Punches are made from steel, cast 
iron, magnesium alloys and aluminum 
alloys. Magnesium alloys are used 
more than the other materials as they 
have the advantage of good machin- 
ability, they do not need correction for 
expansion caused by heating, and, es- 
pecially in large dies, their low weight 
facilitates set-up and removal of the 
punch from the press. 

As the coefficient of expansion for 
magnesium alloys is greater than for 
steel and aluminum, allowance for the 
difference must be made when using 
the latter moterials in die construc- 
tion. In designing dies, all dimensions 
that affect part size should be multi- 
plied by a factor of 1.004 for steel and 
cast iron; and 1.002 for cast aluminum 
when the dies are to be operated at 
600 F. If dies are to b run at 
temperatures other than 600 F the die 
dimension factor, as given in Fig. 10, 
should be proportionately corrected. 
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Table IV—Plate Thickness for Die 
Rings 


Largest Blank 


| 
| Min. Plate 
Dimension, in. | 


Thickness, in. 


1.50 
2.00 
2.50 
3.00 


0-14 
14-22 
22-30 
30 and over 


Dow Chemical Co. 


Clearances between the male punch 
and the female die should never be 
less than the metal thickness. For 
deep draws, it should be more than 
the metal thickness as the compression 
causes a thickening of the metal during 
drawing. For deep draws the clear- 
ance should equal about 1.1 times the 
metal thickness being drawn, plus the 
thickness of the blank. 

The thickness of plates used for 
draw rings and pressure pads should 
be sufficient to avoid danger of distor- 
tion when heat is applied. For this 
reason, plate less than 1.5 in. thick is 
not used, Table IV. The radius of the 
draw ring affects the drawability of 
metal. Magnesium sheet has been 
drawn with draw ring radii from 4 to 
15 times the sheet thickness; but for 
most deep draws, best results are ob- 
tained with a minimum value of 8 
times the sheet thickness. Too small a 
radius increases drawing resistance and 
limits depth of draw; too large a 
radius causes the metal to pucker. 

Annealed blanks can be drawn at 
temperatures varying from 400 to 650 
F. Alloys having low melting points 
should be kept at 600 F or less. Hard 


Fig. 9— Typical heating arrangement 
used on dies for the deep drawing of 
magnesium. Gas heating rings of this 
type are inexpensive and can be easi- 
ly inodified for die changes. 


Dow Chemical Co. 


Fig. 10—Curves for determining die 
dimension factors at various forming 
temperatures for aluminum and steel 
dies. No factor is necessary when 
magnesium dies are used. 

Dow Chemical Co. 


Fig. 11 —Properties of annealed sheet 
at elevated temperatures, Best form- 
ing temperature is where tensile 
strength and elongation curves cross. 

Dow Chemical Co. 


rolled metals must be drawn at about 
400 F. 

When deep drawing annealed 
blanks, the thickness of the finished 
parts may be controlled by the draw- 
ing temperature. For instance, if a part 
is found to be slightly over the toler- 
ance limit when drawn at 550 F, an 
increase in temperature to 600 F or 
more will result in greater shrinkage 
of the part upon cooling, also more 
expansion of the dies at drawing tem- 
perature. This will decrease the fin- 
ished part dimension and bring it 
within the desired limits. The wall 
thickness at the sides and bottom can 
be maintained, and thinning of the 
section prevented by using a hot blank 
and die with a cool punch. The hot 
plastic material is drawn over the draw 
ring radius. It is cooled by the punch, 
which increases its tensile strength. 

The tensile strength and elongation 
of annealed sheet at elevated tempera- 
tures are shown in Fig. 11. Forming 
temperatures up to 700 F may be used 
without affecting the strength of an- 
nealed sheet. For best results forming 
should be done in the 450 F range. 


5. Stretch Fo rming 


Stretch forming is extensively used 
by the airframe industry with success 

Work at room temperature has been 
limited to annealed sheets and the op- 
eration is essentially similar to the 
working of aluminum. The main pre- 
caution is that sharp, serrated grips 
should not be used. If a machine has 
grips that tend to cause failure of the 
sheet, or if slipping is encountered, 
the trouble may be overcome by lining 
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Tensile Strength - 1000 Ib per sq in 


Dimension of Mog - 
nesium Port X Die Factor 
= Room Temperature 
popenwen of Dre | | 


A LOO! 1.002 1003 1004 
Die Dimension Factor 


Fig. 10 Fig.ll 


the grips with emery cloth. However, 
heat is required for severe forming. 

Usually the metal is heated by con- 
duction from the die. Compound cur- 
vatures require selective heating of 
the sheet by torches. Simple curva- 
tures may be formed by using a cold 
die with a fiberglas blanket between 
die and heated sheet. 


6. Spi nnin g 


Magnesium is well adapted to hot 
spinning techniques. Small quantities 
of parts may be spun to close toler- 
ances with inexpensive tools. Parabolas 
of 0.064 in. FS1-O have successfully 
been held to 0.012 in. and the parts 
operated within electronic tolerances. 
Many other parts are being spun, rang- 
ing in thickness from 0.032 
0.125 inches. 

Two types of spinning are used. In 
the first, the spin block is made of 
aluminum, cast iron, magnesium, or 
steel, and is heated prior to the spin- 
ning operation. The other method 
uses wooden or Kirksite spin blocks 
and the magnesium is heated while the 
spin block is kept as cool as possible 


in. tO Over 


Ki Drop Hammer 
F orming 
C 


Drop hammer forming of. mag- 
nesium is being used by many of the 
aircraft manufacturers forming FSt- 
H24 and FS1-O sheets. At elevated 
temperatures, about 550 F, magnesium 
is fairly easy to form and parts that 
would require several blows for cold 











forming aluminum can 
formed with one blow 
magnesium. 

Kirksite dies and lead punches, 
standard tooling when forming alumi- 
num and annealed steel, are used for 
magnesium but require adaptation. 

The first tdirrt sm is to obtain 
dies that will withstand the expected 
temperatures, and that will contract to 
design size at room temperature. Also, 
more attention must be paid to the 
need for restraining beads and trap- 
ping surfaces than is necessary in 
forming aluminum or steel. Since the 
dies are worked at high temperatures, 
they will be in danger of damage be- 
cause of creep or impact flattening. 
Since hot forming magnesium alloy 
sheet cannot stand high impacts, the 
Kirksite dies can be lower in height 
so that the lower die cavities are nearer 
the source of heat. 

From metallurgical data, zinc base 
alloys are not considered reliable 
for long production runs at high tem- 
peratures. For runs of 50 parts or less 
Kirksite dies have adequate stability; 
for longer runs the dies should be re- 
cast or Meehanite castings used. 

Currently, the lead punch is heated 
by conduction from the die to a tem- 
perature of about 200 F. The punch 
suffers considerable in compres- 
sive yield strength at this temperature; 
however, a female type die tends to 
reshape the punch with each stroke. 

The tri-temperature situation that 
exists in drop forming; that of the 
material heated to 500 F, the die at 
300 F and the punch-at 200 F, causes 
a tolerance problem. Investigations 
indicate that an interference between 


usually be 
from heated 


die 


loss 
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part and die becomes a maximum of 
0.003 in./in. of die surface for Kirk 
site dies. Sometimes this interference 
is used to control springback. 

However, as drop hammer forming 
is not a precision method, tolerances 
on finished parts should be analyzed 
from a die conformity standpoint. Part 
accuracy when compared to the die 
indicated that better reproductibility 
was obtained in magnesium than with 
aluminum or steel; the error averaging 
about +0.050 inches. The 
production tolerances for 
and steel of +0.03 in. 
to magnesium parts. 

Die heating is accomplished 
ways. Small dies are anchored to 
the surface of an electrically heated 
Meehanite platen installed on the bed 
of the hammer. With the platen nor 
mally operating at 500 F, the Kirksite 
dies reach equilibrium at about 300 F 
This is considered an allowable maxi 
mum for prevention of creep or dan 
ger in flattening. Lead punches are 
used because of their simplicity of 
fabrication and are heated by conduc 
tion from the die. 

Large cannot be adequately 
dogged to the platen, as eccentric load 
ing would cause horizontal force com- 
ponents of sufficient magnitude to 
cause die shifting. The die is, there 
fore, placed on the press bed and 
about an inch of molten lead poured 
over the exposed bed surface. 

General purpose heating of 
sheet and formed parts is done by 
using circulating air type furnaces 
Oven air temperature is set for 550 F 
Generally, heating times of 5 min. per 
stage for gages in the 0.051 in. range 
and 9 min. per stage for 0.125 in 
gage is considered satisfactory. 

For drop hammer forming it is 
recommended that only condition “O 
material be used. The detrimental 
effect of rapid strain rate at the nor- 
mal lower working 


"H-24" 


general 
aluminum 


IS applicable 


[wo 


dies 


flat 


temperatures ol 
condition magnesium is th« 
reason for minimizing its usage to 
parts needing limited forming. It 
should be limited to simple shape 
having maximum compression of 5 
percent or pure stretch of 10 percent 

When magnesium is hot formed 
formability equals that of 3S-O alumi 
num and fewer compression wrinkles 
result than when 24S-O is formed 
the same dies. 

Temperature variations and the ex- 
treme speed of the operation make 
severe drawing difficult, therefore, 
drop hammer forming should be lim 
ited to shallow draws, stampings, 
asymmetrical shapes and special cases 
of springback control, all done in the 
550 F range 


D7 





Shielded-Tungsten Arc Welding 


The significant expansion taking place in the use of aluminum, mag- 


nesium, stainless steel and other thin-gage materials is stimulating the 


application of this high-speed welding technique. Equipment, jigging, 


shielding gases, joint design and the various weldable metals are discussed. 


H. A. HUFF, JR. èe A. N. KUGLER 
Air Reduction Sales Company 


WHILE THE INDUSTRIAL USES of any 
effective welding process are diverse, 
the inert-gas shielded tungsten arc— 
or Heliweld—technique is mainly asso- 
ciated with the light-gage sheet metals 
that oxidize rapidly. Peak efficiency is 
realized on material up to ¥ in. thick 
and the thinner gages that can be 
welded without filler metal. 

Materials on which the process has 
proven successful are aluminum, mag- 
nesium, stainless steel, high tempera- 
ture alloys, copper and copper base 
alloys, nickel, and titanium. Under 
special conditions, the inert-gas shield- 


ed tungsten arc is also used for welding 
carbon steels and cast iron. 

The Heliweld process is notable for 
its speed and freedom from flux. In 
addition, the wide range of currents 
and gases, as well as both the manual 
and automatic equipment now avail- 
able, permits application to most types 
of design and weld. With automatic 
equipment and a highly concentrated 
arc, 0.032-in. 2S Al sheet can be 
welded at a rate of 180 in. per minute. 

No flux is needed on rapidly oxi- 
dizing hard-to-weld metals, because of 
the high density arc and the helium or 


argon gas shield. The latter protects 
the arc, electrode and weld from active 
elements in the atmosphere, while the 
former permits high travel speeds and 
reduces thermal distortion. 


EQUIPMENT 


Tungsten-arc welding can be accom- 
plished with manual, machine (semi- 
automatic), and automatic equipment 
that is backed up by accessory elements 
for a wide variety of special uses. 
Three types of manual holder are: (1) 
an integral water-cooled holder for 
general use, (2) a water-cooled holder 
(separate attachment) for applications 
where alternating current is used and 
large-diameter tungsten electrodes are 
required, and (3) an air-cooled holder 
for light-duty work. 

Semi-automatic equipment, involv- 
ing the use of machine holders, is 
mounted in a fixed bracket. It can be 
traversed over the work, or the work 
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can be moved under the arc. Fittings 
built into the holder bracket permit 
minor adjustments in the electrode- 
work relationship. 

The automatic application of the 
process centers around a special weld- 
ing head. Through a series of elec- 
tronic circuits, drive motors and 
automatic devices, this equipment 
maintains constant arc length and i 
vertically self-positioning in relation 
to the work. It also strikes its own arc 
and actuates a motor-driven carriage 
to traverse either the work or the head 
itself when the arc is struck. 

For establishing the arc on the 
lighter gage materials, high frequency 
current can be used without touch 
starting. This prevents contamination 
when working with small-diameter 
tungsten electrodes. 

The principal auxiliary equipment 
is the filler wire feed mechanism. 
This can be used in conjunction with 
a standard machine holder or with 
an automatic head to regulate wire 
speeds in the range from 15 to 200 
in. per minute. 

A recent development is the applica- 
tion of the shielded tungsten process 
to the spot welding of stainless, mild 
and alloy steels up to V$ in. thick. A 
light-weight, d-c powered gun with a 
342 in. thoriated electrode is posi- 
tioned on the work and the trigger 
pulled. No jigs or fixtures are needed. 
The water-cooled gun uses helium, 
argon, or a mixture for the shield. 


SPECIAI 


CONSIDERATIONS 


To achieve the process advantages 
of improved weld quality, increased 
welding speed and reduced overall 
costs, precision jigs and fixtures are 
needed to present a joint to the arc 
under prescribed conditions. Toler- 
ances in variables, such as speed and 
arc length, are limited, making small 
deviations critical, and uniform ac- 
curate joint preparation necessary. 
Speeds typical for automatic or semi- 
automatic welding are so high that 
time is not available to adjust and 
compensate for variations in the joint 
fit-up as in manual welding. 

In machine or automatic welding, 
the factors of alignment require care- 
ful study. Alignment of components 
in an assembly follows not only fit-up 
factors but also evaluation of the ef- 
fects of expansion and contraction in- 
duced by the heat of welding. In 
simple assemblies, empirical rules aid 
in predicting the end result; in more 
complex assemblies, it may be necessary 
to fabricate several pilot models. 


HELIUM vs ARGON 


There are important differences in 
the electrical effects of argon and 
helium, which in themselves increase 
the suitability of this process for a 
wide range of work. For example, the 
voltage per unit of arc length with 
helium is very much greater—and thus 
"hotter"—than it is with argon. The 
helium arc is more penetrating, and 
frequently adverse heat effects are 
present to a lesser degree. 

The nature of the work determines 
to a great extent the shielding gas best 
suited for the job. Helium is the better 
gas for work where high heat con- 
ductivity is an important factor. Ar- 
gon is preferable in the manual weld- 
ing of thin materials where burn- 
through might occur. When machine 
welding thin material, the arc length 
is more constant than in manual weld- 
ing, so helium is more serviceable. 
Mixtures of helium and argon have 
been found to produce the best results 
on many welding jobs. Experimenta- 
tion determines the proper gas mixture. 


JOINT DESIGN 


For optimum strength and reliabil- 
ity, only a full section weld should be 
used, Fig. 1. Such welds, however, 
require the most careful preparation 
and are usually the most costly to 
make. It is, therefore, wise to ad- 
just the needs of the job in terms of 
strength as against the cost of produc- 
ing the joint under existing shop con- 
ditions. 

Wherever joints are short, irregu- 
lar or hard to reach, or when the quan- 
tity or unformity of work does not 
justify more elaborate methods, man- 
ual welding is recommended. Depend- 
ing on the application, filler metal may 
or may not be fed into the arc. When 
filler is required, the operation can 
be accomplished in much the same 
manner as in oxyacetylene welding. 

Use of filler metal is often deter- 
mined by the type and thickness of the 
material being welded. With alumi- 
num, filler metal is generally used if 
the thickness is more than !4g inch. 
On stainless and nickel alloys ( Monel, 
Inconel, etc.), it is frequently possible 
to get by without filler metal on sheet 
up to ¥ in. thick when joint design 
and jigging are correlated to produce 
a reinforced weld. 

This correlation is merely a ques- 
tion of whether back-up can or can- 
not be used. If a weld is backed up 
and properly restrained with lateral 
pressure, there will be reinforcement 
at the face and root of the weld. 
Without back-up, the root will sag, 
creating a depression in the face which 
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can be corrected only by filler metal. 
The problem of back-up depends on 
whether the design of the pieces to 
be welded permits its use. 


ALUMINUM 


As noted above, the shielded tung- 
sten arc process has its greatest use on 
thin gages of aluminum. Until 
recently, the best technique has been 
alternating current with argon, but a 
newer method uses direct current 
helium shielding and thoriated tung- 
sten electrodes. This method is rec- 
ommended for machine and automatic 
set-ups where the critical variables 
are more readily controlled than in 
manual welding. 

Automatic welding of 0.064 and 
0.090 in. thick 52S aluminum is now 
being done at a rate of 30-32 in. per 
min using helium and direct current. 
This is in contrast to 9-10 in. per min 
formerly obtained with argon and al- 
ternating current. For manual opera- 
tions on the same thicknesses of 
material, argon or a mixture of both 
gases is more successful. 

A machine set-up for welding seams 
on aluminum radar boxes is shown 
in Fig. 2. A track-guided No. 20 
Radiagraph carries a machine holder 
over two sections of the box. Progres- 
sion rate of the Radiagraph is 18 in 
per min; this permits completion of 
a 14-in. seam on g-in. thick 52S 
aluminum in approximately 45 sec- 
onds. The box is then turned over, 
the Radiagraph is reversed, and the 
second seam is completed on the re- 
turn pass. After two round trips, which 
take less than four minutes, the box 
is ready for manual welds on the 
corners. 

In both of these applications, thori- 
ated tungsten electrodes are used 
place of the standard type. With these 
improved electrodes, there is less risk 
of contamination; the electrode clears 
itself quickly without disturbing the 
arc. They also have greater current- 
carrying capacity. The thorium oxide 
on the surface of the cathode emits 
about 90 times as many electrons per 
unit of surface area as are emitted by 
a pure tungsten surface 


MAGNESIUM 


This metal is said to be the first 
that was successfuly welded by the 
shielded tungsten arc process. The fact 
that flux is unnecessary dispels one 
of the doubts or uncertainties that is 
always attendant upon gas welding 
magnesium: The corrosion caused by 
flux residue. 

Magnesium can be welded with re- 


D9 





Fig. 1—Common types of joints. Upper 
row shows configurations for optimum 


strength and cost. Designs in lower row 
represent some loss of strength and must 
be used wisely if dynamically loaded. 


== 


Maximum Strength ond Cost 


Reduced Strength and Cost 


versed-polarity d-c and helium, with 
high-frequency a-c and argon, or with 
balanced a-c and a 50-50 gas mixture. 
Joint designs are substantially the same 
as for other forms of welding. For 
materials up to V$ in. thick, the square 
groove butt joint is satisfactory, be- 
cause the arc is sufficiently penetrating 


` 
i 


Cleaning cost is often a major fac- 
tor in the fabrication of stainless steel. 
Production reports indicate a decrease 
from 40 to 80 percent in these costs 
when using Heliwelding rather than 
coated-electrode procedures. But if 
savings attributable to grinding do not 
offset the cost of fit-up and welding, 
the conventional electric arc or oxy- 
acetylene processes may be economical 

Usually, two requirements have to 
be met before the tungsten arc process 
can be economically applied to thin 
sections of stainless steel on a machine 
or automatic basis: (1) Parts must 
be designed to provide good fit-up, 
and (2) they must be held in proper 
alignment by substantial jigs and fix 
tures. The gain in welding speed and 
the reduction of cleaning costs offset 
the expense of these features. 


Dio 


In manual welding of stainless steel 
by this process, either the forehand or 
backhand technique as defined for gas 
welding can be used. The conditions 
surrounding the application usually 
dictate the direction of welding. Man- 
ual welding of capillary tubes made of 
Type 308 stainless steel, Fig. 3, ex- 
emplifies this point. 


In the use of the Heliweld process 
on thin sections of high temperature 
alloys, such as 347 stainless, Inconel 
X, Nimonic and Timken Alloy, there 
are several inherent advantages. High 
travel speeds and small diameter elec- 
trodes mean a narrow heat-affected 
zone. Use of the process without filler 
metal in many butt welds enhances 
soundness in joints. When filler metal 
is required, the transfer of alloying 
elements across the arc is highly effi- 
cent, and the risk of elements going 
out of solution is reduced. The mini- 
mized heat effects during the welding 
mean also that considerable welding 
can be done on these materials with- 
out subsequent heat treatment. 


Suckle Electronics Company 


Fig. 2—Two 14 im. seams on radar box are welded with 
track-guided head in less than four minutes. Material is 
1/16 in. 52S aluminum sheet. No, 20 Radiagraph traverses 
holder over the two seams at the rate of 18 in. per minute. 


COPPER 
ALLOYS 


When copper's high capacity to con- 
duct heat from a weld point is con- 
sidered, the advantages of 
rapid, concentrated heat input to the 
work become apparent. As there is a 
tendency for a very fluid metal to flow 
ahead of the arc, it is desirable to weld 
up hill at an angle of 10 to 15 degrees. 

On small and on thick- 
nesses up to l4 in. neither flux nor 
preheating is usually necessary. The 
inert-gas-shielded metal arc process 
(Aircomatic*) should be used on 
thicknesses greater than V$ in., and on 
large masses. When Heli welding is 
applied to large masses, preheating is 
necessary to permit faster welding 
speeds and insure sounder welds. Large 
cast copper sections should be pre- 
heated to about 600 F, and this tem- 
perature maintained continuously dur- 
ing welding to prevent formation of 
residual stresses. 

The production of rotors for frac- 
tional horsepower motors has been 
facilitated by the introduction of this 
process. At the left in Fig. 4 is shown 
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Fig. 4— Copper rotor assembly for fractional horse- 
power motors. Coined assembly is at left. Finished 
unit at right is welded on both ends at rate of one 
every minute. Tungsten electrodes and helium are 


used. 


Fig. 3—Manually-welded assemblies of 
stainless steel capillary tubes with larger 
elements. A 44 in. electrode is used with 
20-amp straight-polarity d-c and helium. 


an assembled rotor with copper end 
plates and projecting copper bars 
coined for temporary holding. The 
part is then preheated to permit maxi- 
mum weld speed, placed on a rotating 
table under a machine holder, and 
welded, using straight-polarity d-c at 
150 amperes, '-in. tungsten 
trodes and helium. 
Heliwelding is also well suited to 
silicon bronzes, aluminum bronzes, 
manganese bronzes and some brasses 
Welds in silicon bronze meet ASMI 
code U-68 for Unfired Pressure Ves- 
sels. Large manganese bronze castings 
can be successfully welded using 
aluminum bronze filler metal, even 
though the color match is not perfect 


elec- 


NICKEL 

Joint designs for nickel and nickel 
alloys are substantially the same as 
those recommended for stainless steel 
Welding usually calls for straight- 
polarity d-c with helium gas, although 
a-c with argon can be used. The im- 
portant factor is filler metal. 

Irregular results were obtained with 
the Heliwelding process on nickel and 
nickel alloys until several special types 
of filler wires were developed. These 


are basically the same composition as 
the base materials. Small quantities of 
other elements have been added to 
promote weld soundness and insure 
that melting and remelting do not 
reduce these elements. 

The use of these special wires does 
not obviate the need for close con- 
trol of welding operations. Adequate 
gas coverage is required and mini- 
mum arc lengths must be maintained. 


ALIN 


At the present time, there is one big 
problem with titanium: How to pro- 
duce it at a cost that will make its 
use more economical? Being highly re- 
active to oxyger and nitrogen, the 
wonder metal requires large quantities 
of inert-gas for its production. Conse- 
quently, the importance of inert-gas 
arc welding, both tungsten and metal 
arc processes, is obvious. 


CASI IRON 


Heliwelding permits welding of cast 
iron, without flux in a manner paral- 
leling the oxyacetylene method. It is 
usually necessary to preheat the cast- 
ing in the range from 900 to 1,400 F, 
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and to maintain the preheat during 
welding. This operation can be omit 
ted on small parts and at isolated sec 
tions of large parts. Speeds are higher 
than those obtainable with compara 
ble processes, but at such speeds ther« 


is a tendency to cover hidden defects 


The welding of carbon steels points 
up the process advantage of preserving 
the composition of filler metal. The 
core in ordinary rim steel, when weld 
ed by this \ causes 
porosity to develop as a result of rapid 
melting and solidification of the weld 
pool. The use of filler metal contain 
ing a deoxidizing agent appears to be 
the solution. When using the Heli 
weld process, killed steel is recom 
mended. No filler metal is required 
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ENERA!I KI 


Research and development programs 
for this shielded tungsten arc process 
are moving toward the extension of 
present applications through the de- 
sign and production of new special- 
ized equipment and through the re- 
finement of several welding proce 
dures. 





(o) Typical: Sond Cost Boss 


Design Tips for 


Changing to Die Casting 


Following the design of the original part too closely can 
defeat the purpose of the change-over. Based on years of 
experience, the author shows how specific details should 
be modified to meet good die casting design and practice. 


H. K. BARTON 


Barton Die Casting Service 
Chinley, England 


WHEN A DESIGNER KNOWS that the 
part he is developing will be die cast, 
he usually has enough freedom in 
selecting material, shape, and other de- 
tails to assure taking advantage of the 
desirable features inherent to the pro- 
cess 

Aluminum alloys are selected when 
weight economy is important and 
where certain types of corrosion resis- 
tance are needed. Magnesium base 
alloys are considered for weight saving 
and high yield strength. Copper-base 
alloys are least used because of short 
die life, although the physical and cor- 
rosion resistance properties of these al- 
loys are excellent. 

Form of the part should be as simple 


Di2 


as its functional and structural require- 
ments will permit. A simple shape 
allows use of an easily constructed die. 
Such a shape also facilitates produc- 
tion, assembly and finishing operations. 

Thickness of wall sections should be 
as uniform as the design of the part 
will permit. When change in thickness 
of section is necessary, transition from 
thin to heavy sections should be grad- 
ual Such design minimizes stresses 
that result from unequal cooling rates 
and avoids warping, cracking and dis- 
tortion. Abrupt changes in section 
thickness are obtained only at the ex- 
pense of solidity of structure, therefore, 
they should be avoided. 

When appearance of the finished 
part is important, plain flat areas 
should be avoided; such areas are dif- 
ficult to cast without imperfections. 
Flat portions should be slightly curved 
or a simple decorative design should be 


incorporated. Any decorative design 
should be raised from the casting sur- 
face. Depressed markings in the cast- 
ing require raised markings in the die, 
making necessary a difficult and ex- 
pensive engraving operation. 

If decorative details must be kept 
flush with the surrounding surface, a 
depressed panel can usually be cast 
into the surface of the part and decor- 
ations raised on the panel. 

For die casting, quantities required 
should be sufficiently large to warrant 
the construction of a die. Die casting 
dies are considerably more expensive 
than sand or permanent molds. If 
quantities are not sufficiently large to 
amortize the initial die cost, without 
placing a prohibitive price on the fin- 
ished part, another method of produc- 
tion should be considered. 

In practice, however, only a small 
percentage of all die castings are de- 
signed specifically for the process. 
Most of them are originally intended 
for other methods of production and, 
later converted to improve part quality, 
lower production costs, or both. These 
conversions nearly always require more 
thought and effort than original de- 
signs since there is a tendency to make 
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(d) Original Design 


INCLINED INTERNAL BOSSES. Common sand cast- 
ing practice (a) is undesirable for die casting; (b) 
collapsible type cores are required to keep section 
thicknesses uniform. This is a slow process since the 
cores must be removed by hand after the die casting 


the die casting an exact copy of the 
original. This rarely can be done with- 
out losing many or all of the bene- 
fits that actually stimulated the change- 
over. 

An exception is when the conver- 
sion is foreseen, and sand casting or 
some other method of production is 
used until the demand for the product 
is adequate to warrant the investment 
in dies. In such conversions, the re- 
quirements for effective die casting can 
be built into the product when it is 
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S 


(d) Preferred 


originally designed. In general, how- 
ever, the safest method of insuring 
satisfactory results is to disregard com- 
pletely the existing shape of the part, 
the materials and methods used, and 
the type of finishing operations that are 
specified. Three factors must be estab- 
lished—completely free from preju- 
dices of the prototype—(1) mechan- 
ical function of the part, (2) nature 
and range of stresses that will be active 
in service, and (3) allowable space 
within the complete assembly for 


Table 1—Approximate Dimensional Limits for 
Die Castings in Various Alloys 


Minimum wall thickness, large castings, in. 
Minimum wall thickness, small castings, in. 


Tolerances within solid die, in., (2) 


Cast threads external, max number per in. 
Cast threads internal, max number per in. 


Cored holes, min dia, in. 


Minimum draft per in. of length or dia of | 


cores, in. 


Minimum draft per in. of length or dia at 
side walls, in. 


| Aluminum | 

Alloy and | 

| Magnesium 
Alloy 


Copper 
Alloy 
‘brass 


Zinc 
Alloy 


1/16 
0.030 


0.001 
per in. 
but | 
0.0025 min. | 


24 
| 24 (3) 
| 0.030 


0.085 
0.050 (1 


| 0.0015 
per in. 
but 

0.003 min. 


20 (1) 
8 (1) 
3/32 


1/8 

0.050 
| 0.003 

per in. 


but 
0.005 min. 


10 
None 
3/16 


| 0.003 0.015 0.020 





| 
| 


| 0.005 0.010 | 0.020 


(1)—Small aluminum die castings having walls only 0.040 in. thick” have been pro- 
duced in quantities, as have been also some threads as fine as 24 per inch. 


(2)—Applies only to dimensions between points formed by solid portions of die. When 


dimension is across parting or between points controlled by parts of die having relative 


: motion, wider limits must be allowed. 


(3)—1f cheaper than tapping. Fine internal threads are nearly always tapped. 
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is ejected. Conversion (c) is not generally recom- 
mended because of the thick section above the cored 
hole; (d) is preferred if the recess ean be tolerated. 
For thin sections, 1/16 in. or less, it is usually best to 
insert a separate bushing (e) in a punched-hole. 


mounting and installing the part, and 
accessibility if required. 

Of course, mating parts or other 
assembly requirements may limit varia- 
tions of such details as bosses, flanges 
and ribs. In many such parts, minor 
modifications can be made which will 
govern the success or failure of the 
conversion—still within the limits of 
the initial requirements. The sketches 
on the following pages illustrate how 
basic design features of this type, de- 
veloped originally for some other 
method of production, should be 
adapted for die casting. 

As far as materials are concerned 
the overall pattern of converting is 
generally definable. Heavy-section 
sand castings originally made of iron 
and, to a lesser extent, brass are re- 
placed by zinc-base die castings; some 
brass sand castings and small hot-forg- 
ings become brass die castings; alumi- 
num die castings replace aluminum 
sand castings and thin-section iron 
sand castings, extrusions and fabri- 
cated sheet metal assemblies, mag- 
nesium die castings replace plastic 
moldings, thin-sheet stampings and 
parts previously die cast in aluminum 
alloys. 

Exceptions to this pattern of ma- 
terials substitution are unusual—and 
should be analyzed critically if they 
are specified. 

For recommended design practices 
see PRODUCT ENGINEERING: "Design- 
ing for Die Casting,” October 1948, 
pp 86-91; “Economical Die Casting,” 
August 1949, pp 104-108; and "Estab- 
lishing Tolerances for Die Castings," 
April 1951, pp 118-128, 169 and 171 


(Continued on next page) 
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porting 
line 


(a) Original Design ib) Satisfactory 


CORED LATERAL BOSSES. Details like (a) should 
be avoided since they involve a stepped parting line 
in the die and difficult-to-feed heavy sections. Coring 
as in (b) reduces section thicknesses and is satisfac- 


LLLA LZ 


SQ 


Z 
A 


NSS 


(a) Original (b) Preferred 


INTERNAL LATERAL BOSSES. Objections to (a) 
same as inelined internal boss (a); for die 
casting (b) is preferred. Here, the bottom of the boss 
is formed by one half of the die and the top by the 


(0) Original (b) Satisfactory 


BASE PLATE DESIGN. Equally spaced lugs of (a) 
are difficult to die cast because of undercuts and un- 
desirable as far as flash removal is concerned. Six- 
sided base with rounded corners (b) eliminates un- 
dercutting. Areas between bolt holes are recessed to 
save metal and make sections more uniform; (c) is 
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DESIGN TIPS FOR CHANGING TO DIE CASTING (Continued) 
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m 


SSN 
NS 
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(c) Sotisfoctory (d) Preferred 


tory if T is not more than twice the main casting wall 
thickness. If so, the original can be modified as in 
(e). In general, annular cores (d) are preferred, 
particularly when different hole sizes are to be used. 


(c) Preferred (d) Satisfactory 


other. This necessitates a relatively large opening in 
the casting, see (c). This can be an advantage to give 
access to internal parts. If it is objectionable, collaps- 
ible core (d) can be used to form the undercut. 


(c) Preferred 


better than (b) since only a circular trimming tool is 
needed. The flange is also stronger and lighter than 
either of the previous models. When a part is cast 
with the cavity split symmetrically between two halves 
of the die, lugs with an included angle of 60 deg or 
more, as in design (d), will eliminate undercutting. 
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(0) Original Design (b) Preferred 

LATERAL BOSSES ABOVE A FLANGE. To die cast 
the original design (a) would require complicated 
dies with lateral elements; the cost would generally 


be prohibitive. Modification (b) is preferred if the 


(a) Original 


TAPPED BASE LUGS. Original design (a) is unde- 
sirable because it is undercut and requires the die 
to have moving elements; (b) is satisfactory since 
it has no undercuts but it does have a heavy section 


— — 


STRENGTHENING RIBS. When added to improve 
strength-to-weight ratio of the original design, ribs, 
should have rounded ends and fillets as in (a). Op- 
timum fillet radius is net thickness plus rib thickness 
divided by three. Ribs should not be thicker than web. 


When ribs are used in two directions (b), their points 
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(b) Satisfactory 


FABRICATION AND PRODUCTION PROCESSES 


Porting 


iw bess PITI 


(c) Satisfactory 


change in wall location is acceptable. If not, a section 
of the flange wider than the boss should be elimi- 
nated (c). The parting line then can be stepped— 
which is desirable if the boss is to have cast threads. 


Lu 
ZAR 


dc 


(c) Preferred 


that can be troublesome and requires more material. 
Making the hole deeper than required for tapping 
will help but the preferred method is shown in (c) 
since it eliminates both of the problems completely. 


< ZIN IAN 


of intersection should be staggered to improve metal 
flow. Multiple intersections like (e) are undesirable 
since they are conducive to casting imperfections and 
die overheating. Good alternative is shown in (d). 
Cireular wall should be designed so that space be- 
tween ribs is two or three times the rib thickness. 
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DESIGN TIPS FOR CHANGING TO DIE CASTING (continued) 
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(b) 


DIE CAST GEARS. Die cast gears should be shrouded gear (c), both ends can be shrouded as shown. 
(a), if possible. If this is aot done, the flash trim- Shrouded internal gear (d) can have thinner walls 
ming tool must also be of gear-form. Shrouding than a machine cut unshrouded gear of comparable 
should also be on opposite sides of meshing gears as material. Eccentric and elliptic gears (e) are readily 
(b). When a die cast bevel gear meshes with a cut die east at costs comparable to conventional gears. 


, , » 
Weak die section Adequate die section 


(o) Original ~ (b) Preferred 
Aluminum Co. of America 


CORED HOLE in the original casting (a) is too close ferred design (b) is developed either from lowering 
to the wall below it. This can result in a weak die sec- the height of the shoulder or increasing the distance 
tion that fails almost immediately in service. Pre- between the top of the shoulder and the center line. 


Knife edges Stronger die sections 
on the die C Á 


4 


, 
, Parting 
line N 
` 


(a) Original (b) Preferred (c) Preferred 
Aluminum Co of America 


OFFSET BOSSES. Offset parting line in original part quate die sections on parting line. Design (c) leaves 
(a) requires a knife edge on each die half. Preferred a rib between the two bosses to accomplish the same 
design (b) spaces bosses farther apart allowing ade- result and conforms to good die casting practice. 
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Stud FV elding... 


U sinna ttis bain 
2 ¿Z 22 " Z A 
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Fig. 1 (Above)—Assortment of stud weld fasteners shows the wide 
variety of shapes and types in which they are designed. The stud 
stocks can be round, square, or rectangular. (Left)—Stud welding 
gun with end weld steel fastener and porcelain ferrule attached. 


FERROUS 


AND NONFERROUS METALS 


ROBERT C. SINGLETON 
Nelson Stud Welding Division 
Gregory Industries, Inc. 


AFTER SEVERAL YEARS of simple sub- 
stitution of the end welded stud for 
other methods of fastening, many de- 
signers are now taking advantage of 
the inherent characteristics of the stud 
welding process. 

By utilizing this process, designers 
are able to reduce the thickness of 
plates and to avoid the heavy bosses 
and flanges that are normally required 
to obtain the tap depth needed to se- 
cure cover plates and bearing caps. 
With stud welded designs of lighter 
weight, not only can material be saved 
but the amount of hand welding and 
machining operations needed to join 
parts can be reduced. A press brake 
can be used to form flanges and 
dimpled areas in thin plate. 

Reduction in weight may make it 
possible to handle fabricated parts and 
assemblies by hand instead of by crane 
or special handling devices. 

Fasteners can be stud welded any- 


where without regard for bolt hole to 
edge distance or for what may be on 
the back side of the plate. 

In the manufacture of boilers, fans, 
furnaces and electrical control panels, 
many examples can be found in which 
fastening costs were lowered and im- 
provements made in the quality of the 
product through the use of stud weld- 
ing. With this process, the former man- 
ufacturing methods that entailed drill- 
ing, tapping, through-bolting, and hand 
welding are not necessary. 

In the tank design detail shown in 
Fig. 2, it was necessary to obtain a 
maximum of rigidity while holding 
weight to a minimum. The use of the 
internal flange gives this combination 
of strength, rigidity, and light weight. 
The absence of drilled holes and boss 
or pad weldments assures that the de- 
sign is oilproof and gastight. Since the 
studs are secured to the outer surface, 
the possibility of leakage is avoided. 

At the present stage of development, 
it appears that the only practical limit 
on the diameter of studs that can be 
secured by this method is determined 
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by the availability of welding current. 
The diameter of fasteners being stud 
welded commercially today ranges from 
lg to 1 in. Studs of 114 in. dia have 
been welded satisfactorily under labo- 
ratory conditions. The 114 in. stud re- 
quires approximately 4,500 amperes at 
65 to 70 volts for 2 seconds. 

The stud stock can be round, square, 
or rectangular. Tests show, however, 
that the welding of rectangular studs 
is difficult when the width of the stud 
is more than five times its thickness. 
Studs V$ by 5$ in. are commonly used. 
The largest rectangular stud now being 
welded is V4 by 114 inches. 

In Fig. 1 are shown a wide variety 
of sizes, shapes, and types of stud weld 
fasteners. The limiting factors that con- 
trol the design of the stud are: 

1. Stud can be welded on only one 
end. 

2. Stud must be of a shape that can 
be chucked. 

3. Stud shape must be such that a 
ferrule can be produced that fits the 
weld base satisfactorily. 

4. Cross-sectional area of stud must 
be within the range of available weld- 
ing power. 

The joint obtained by stud welding 
is a true metal arc weld. As a result of 
the protective action of the ferrule and 
the deoxidizing agent in the flux, which 
is contained within the end of the stud, 
Fig. 3, a clean dense weld metal de- 
posit is obtained. The weld, with few 
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Internal flanges provide 
~ the necessary rigidity 


Fig. 2—Tank design detail 
with end welded studs for 
fastening a cover of flange. 


exceptions, develops the full strength 
of the materials being joined. The same 
general rules that apply to all metal 
arc welding processes also apply to the 
electric arc stud welding process. 


Medium and High Carbon Steels 


In welding the medium and the 
higher carbon steels, a procedure is re- 
quired that eliminates hardness, with 
its consequent tendency toward brittle- 
ness, in the heat affected areas. 

Such hardness develops because of 
the rapid quenching action of the base 
plate, therefore, preheat or postheat is 
suggested to obtain necessary tough- 
ness. Generally the safest practice is to 
use preheat. Preheat avoids any pos- 
sibility of underweld cracking in the 
heat affected area. Preheat is always 
recommended with the straight carbon 
steels with a carbon content over 0.35 
percent where standard welding pro- 
cedures are used. 

In some special operations where de- 
sign and production procedures permit, 
a method has been devised to weld 
studs to straight carbon bars having a 
carbon content as high as 0.50 percent 
without heat-treat. This practice, how- 
ever, is not recommended unless all 
factors can be carefully controlled. 

With alloy or medium carbon steels 
in the 0.30 to 0.40 percent range, post- 
heat procedures only are often suffi- 
cient. The determining factor is 
whether or not underweld cracking re- 


per Inch lb 


Fig. 3—Two methods of 
containing flux on end of 
a weld stud.—(A) Granu- 


lar flux.—(B) Solid flux. 


Table I—Strengths of Mild Steel 
End Welded Studs 


Yield 
Load in 
Tension, 


Stud 
Size and 
Threads 


Yield 
Load in 
Torsion, 
Torque 


Shear 
Strength 
over body 

dia, Ib 


35 lb-in. 
95 ]b-in. 
195 Ib-in. 
25 lb-ft 
45 Ib-ft 
70 Ib-ft 
140 Ib-ft | 
250 Ib-ft 
400 lb-ft 


10—24 1,000 
20 | 1,900 | 
18 3,100 | 
16 | 4,600 | 
14 6,350 
13 8,500 
11 | 13,550 
10 | 20,000 
-9 | 27,650 


1,525 
2,700 
4,220 
6,070 
8,280 
10,800 
16,400 
24,300 
33,000 


| 


sults before the welded assembly is 
heat-treated. 

With minor variations in the prac- 
tice indicated, practically any of the 
carbon steels or any of the commonly 
available alloy steels can be welded. 
The exact heat-treat procedure used 
will be dependent upon the particular 
alloy and the heat-treat to which the 
part is subjected in the production 
cycle. 

The stud welding process frequently 
can be fitted into the production cycle 
so as to obtain the necessary heat-treat- 
ment without additional operations and 
with a minimum of cost. Such a proce- 
dure is followed in the manufacture of 


Fig. 4—Stud weld designs 
with reduced weld bases. 
These designs are not rec- 
ommended if strength is 
an important factor. 


plows. In the production cycle, 2$ and 
7/16 in. dia Nelweld studs made of 
C-1030 steel are welded to shares made 
of high carbon steel (1.00 to 1.25 per- 
cent C). To avoid cracking, a low 
temperature preheat (600 F) is used 
to heat the shares before welding. Im- 
mediately after welding, the shares are 
fed into a continuous high heat fur- 
nace. The hardening treatment hardens 
the shares, normalizes the section af- 
fected by the welding operation, and 
also develops desired stud strength and 
toughness. 


Austenitic Chrome Nickel Steels 


In addition to the more common 
steels, it is standard practice to stud 
weld stainless steel studs of the aus- 
tenitic chrome nickel class including 
all of the 300 series. The free machin- 
ing grade 303 is considered to be er- 
ratic and is not generally used and 
never where strength requirements are 
critical. Studs made of the materials 
mentioned and others in this general 
class may be welded to like material or 
to mild steel as design may require. 
The one exception to this general rule 
is Type 347, which is not recom- 
mended for use with mild steel. Brittle- 
ness has been found to result when 
either the plate or the stud is of mild 
steel. Where Type 347 must be used, 
both stud and plate must be stainless of 
this general class. 

Because of a tendency toward brittle- 
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Table II—Fillet Clearance for Full Base End Weld Studs 


COUNTERBORE 


Stud Size, in. A, in. 
297 
328 
. 437 
500 
593 
656 
750 
875 
093 


ness in the weld section, the Type 400 
straight chrome stainless steels are only 
usable under special conditions. 


Copper Nickel and Chrome 
Nickel Alloys 


For special applications, procedures 
have been worked out for welding most 
of the common copper nickel alloys 
and the high chrome nickel alloys such 
as Monel and Inconel. With Inconel, 
the full strength of the material can be 
developed when welded to either mild 
steel or Inconel provided that the heat- 
treating procedures after welding are 
as recommended by the suppliers of 
the material. 

Monel is difficult to stud weld. Gen- 
erally, more than adequate strength in 
the weld section can be developed but 
because of a tendency toward brittle- 
ness under some circumstances, it is 
suggested that a joint efficiency factor 
of 70 percent be used in design calcu- 
lations. 

The common brasses and bronzes are 
joined satisfactorily with the stud weld- 
ing process using more or less straight 
forward procedures. Results, however, 
vary from alloy to alloy. Also, to obtain 
consistent results both stud material 
and base plate must be completely free 
of lead: For these reasons, while brasses 
and bronzes have been welded commer- 
cially, it is not advisable to make 
blanket recommendations on practices 
to be used. Any of the applications in 


90 deg 
Countersink 
B, in. B, in. 


100 
100 
125 
125 
125 
187 
187 
187 
187 


this nonferrous group, including 
Monel, Inconel, brass, and bronze 
should be considered on the basis of 
the requirements of the design in 
question. 


Aluminum Alloys 


Nearly all methods for welding cer- 
tain grades or types of aluminum alloys 
use the inert gases helium or argon, or 
a mixture of both, to provide a protec- 
tive atmosphere during the welding 
operation. The alloys most commonly 
welded by this method include 2S, 3S, 
61S, 63S, and 43S, but in sizes not 
greater than 2$ in. dia. Note that these 
alloys are rich in aluminum and have 
a minimum amount of alloying agent. 
To date only fair success has been re- 
ported in the stud welding of the heat- 
treatable grades of aluminum. This has 
greatly limited the application of stud 
welding to aluminum alloys since most 
fasteners used are of the heat-treatable 
alloys to obtain maximum fastener 
strength. 


Design Considerations 


Tests of end welded studs prove only 
that the welds obtained are sound and 
that the determining factor as far as 
strength is concerned is the minimum 
cross-sectional area of the fastener. For 
this reason, it is recommended that 
handbook values for mild steel bolts be 
used in making design calculations. 
These values are generally on the con- 
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D FABRICATION AND PRODUCTION PROCESSES 


Steps in Stud Welding Operation 


l Fluxed end of stud in contact with work— 


nd of tT weiding £ ext, a 


— < € 


A _ 
— 


2 Stud is retracted to produce an arc— 


yt ally retracte ] approximat ; 1 6 


work 


LA AAAS 


1 m Y WIN 


Operation — stud is welded to 
, work—C jmplete welding operation i 
performed a minimum of 1/20 second for 
8 In to a maximum of 


] 12 secoends for 1A ir ) stud 





servative side since the steel most com- 
monly used in making studs has a ten- 
sile strength of 75,000 to 85,000 psi. 
In Table I are given tensile and torque 
loads at the yield point and shear 
strengths of several sizes of end weld 
studs made of mild steel. 

When making a weld, the plunging 
home of the stud to complete the weld 
forms a fillet around the base of the 
stud. The dimensions of the fillet are 
closely controlled by the design~of the 
ferrule. The diameter of the fillet over 
the base metal is generally larger than 
the diameter of the fastener, therefore, 
some caution is required in the design 
of mating parts. In Table II are given 
dimensions of standard counterbores 
and chamfers required to provide fillet 
clearance for fuli base end studs. If the 
design is such that a fillet is objectional, 
the fillet can be removed with a hollow 
milling operation to obtain required 
clearances, or a special design of stud 
can be used in which the diameter of 
the weld base is less than that of the 
body of the stud. 

Where the stud is used as a guide 
pin and strength is not a consideration, 
reduction of the weld base diameter 
presents no problem. Where fastening 
strength is of major importance, how- 
ever, stud designs such as are shown 
in Fig. 4, in which the weld section is 
less than that of the bolt section or root 
diameter of thread section, are ques- 
tionable. For dependable results, the 
weld base area should be equal to or 
greater than the cross-sectional area at 
the root diameter of the threads on 
the stud. 


Stud Locating Procedures 


A basic advantage of the stud welder 
as a production tool is its light weight. 
It can be carried easily to heavy or 
bulky work parts. By taking the stud 
welder to the work, the resultant sav- 
ings in production time and handling 
costs may be and often are substantial. 

The simplest and most common pro- 
cedure used in locating fasteners that 
are to be stud welded is to lay out and 
center punch or to center punch 
through holes in a template. The stud 
is then located by placing the point of 
the stud in the punch mark. By this 
method, tolerances can be held to plus 
or minus 3/64 in. The skill of the 
operator, of course, is a factor in the 
degree of accuracy obtained. 

Cover plates that have been punched 
or drilled in accordance with a bolting 
pattern can be used as layout templates. 

In production where a number of 
similar pieces are to be stud welded, 
instead of center punching the work 
it is a Common practice to use a simple 
template, Fig. 5(A), to locate the fer- 
rules. With a template of this type, 
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Fig. 5—Templates for locat- 
ing weld studs.—(A) Simple 
plate template.—(B) Tem- 
plate with guide bushing. Gun 
is fitted with a ferrule holder. 
—(C) Ball bearing guide 
bushing in template. The 
shank of chuck is extra long. 


because of tolerances on the ferrule, 
the tolerances on stud location dimen- 
sions are usually not better than plus 
or minus 1/32 inch. 

For more precise work, the tube type 
templates have been developed. With 
these the stud is centered indirectly by 
locating a tube adaptor attached on the 
base of the gun. These templates posi- 
tion the stud and also maintain per- 
pendicularity. The arrangement shown 
in Fig. 5(B) uses a hardened and 
ground bushing with a carefully ma- 
chined brass or bronze tube adaptor. 
With these refinements, a tolerance of 
plus or minus 0.010 to 0.015 in. can be 
held on stud location. 

Tolerances of plus or minus 0.003 
in. have been reported through the use 
of the template design shown in Fig. 
5(C). The chuck is extra long, care- 
fully ground internally and externally, 
and is guided by a bearing insert in 
the template. The stud is located by 
locating the chuck. 

With recently improved designs of 
stud welding equipment for precision 
work, tolerances of plus or minus 0.005 
in. can be held. One electronic tube 
application requires that such toler- 
ances be held on chord dimensions be- 
tween three studs equally spaced on a 
22 in. circle. The production proce- 
dures call for the inclusion of precision 
ball bearing bushings to serve as guides 


_—ferrule tube 
Ferrule 


Template 


A-/76 Ass'y 
/ 


Ferrule hold 


for the lifting mechanism of the gun 
and also to guide the chuck. 

Where it is practicable to take the 
work part to a machine, stud welders 
can be set up in much the same manner 
as drill presses. Single gun or multi-gun 
units can be used as the design may re- 
quire. 

A two-gun unit set up for welding 
studs to a refrigerator compressor hous- 
ing is shown in Fig. 6. The studs must 
be located carefully for position and 
vertical alignment. The tolerances on 
the finished shoulder height are plus 
or minus 0.010 in.; the location is not 
from the base to which the stud is 
secured but is from the top of the 
housing. To compensate for variations 
in material thickness and die wear, a 
stop placed on the side of the gun 
controls the finished height of the 
stud. 

This compressor housing operation 
is in its third year of production; the 
production rate has approached 12 to 
14 welds per minute. Average net pro- 
duction is 8 to 10 welds per minute. 
Rejects have been less than 1⁄4 of 1 
percent of the housings fabricated, or 
1⁄4 of 1 percent on the basis of the 
number of studs welded. Other meth- 
ods and procedures have been consid- 
ered on this particular operation but 
none has proven to be as economical 
in the overall operation as stud welding. 
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Ball bearing guide bushing 


Ebonite or 
Masonite 
template 


— Specia/ spring loaded 
ferrule holder 


Fig. 6—Two-gun unit set 
up for locating and weld- 
ing end studs to a refriger- 
ator compressor housing. 


Conclusions 


The stud welding process offers 
many possibilities to the engineering 
and production groups. The success or 
failure of a stud welding operation, 
however, is greatly influenced by the 
skill of the design engineer in taking 
advantage of the savings that can be 
realized from: 

1. Avoidance of heavy bosses. 

2. Avoidance of drilling, tapping, 
through bolting, punching, tack weld- 
ing, and the problems associated with 
material handling. 

3. Reduction in weight of assem- 
blies. 

4. Increased production. 

5. Leak proof construction with no 
subsequent rework. 

To obtain good economy of design, 
the engineer should consider the fol- 
lowing when setting up his specifica- 
tions: 

l. Standard Stud Types. Standard 
types of studs cost less than specials. 
Often a minor compromise on diam- 
eter or length can effect considerable 
savings. 

2. Standard Diameter and Lengths. 
In stud welding, the settings of equip- 
ment and controls depend upon the 
diameter, length, and type of stud. 
When any one of these details is 
changed, equipment settings and con- 


trols must be adjusted to compensate 
for the change. Although adjustments 
are simple, they are time consuming 
and costly. Standardization will avoid 
the difficulty. Use of maximum quanti- 
ties of standard types of fasteners is the 
ideal design from the purchasing and 
the fabrication points of view. 

3. Power Requirements. To avoid 
unnecessary delays or difficulties in the 
shop or production schedule, the de- 
signer should be familiar with the lim- 
itations of available welding machines. 
The following observations are offered 
as a guide: 


GENERAL LIMITATIONS. Direct cur- 
rent only is used for stud welding. 
Stud diameters cited refer to weld base 
diameter. 


Standard D-c Welding Generators. 

a. One NEMA rated 400 ampere 
machine will usually weld a 4 in. dia 
stud. If cable length is more than 150 
ft, the limit of one machine may drop 
to 7/16 in. dia stud. 

b. Two NEMA rated 400 ampere 
machines will weld a 5/8 in. dia stud. 

c. Three NEMA rated 400 ampere 
machines are required to weld a 24 in. 
dia stud. 


Special Welding Generator. 
a. The Nelwelder Power Unit (a 
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special unit designed for only stud 
welding) will weld studs up to and 
including 5/8 in. dia. Two machines 
in parallel are used when welding 34 
in. dia studs to work pieces. 


Rectifier Type D-c Welders. 
a. One 400 ampere unit will weld 
up to and including 3/8 in. dia stud. 
b. Two 400 ampere units will weld 
V5 in. dia studs in all positions. 


These suggestions are general. Ca- 
pacities of individual machines vary 
with the length and size of cable re- 
quired between the generator and the 
work, the a-c power conditions, the 
condition of the equipment, and the 
position in which the weld is made. 
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Table I—Comparison of Shell Molding and Overlapping Processes 


Overall Cost 

Degree of Complexity 
Tooling Cost... 

For Large Parts. . 


For Small Parts 


Lite of Tooling and Pattern. . 


Accuracy and Finish 
Intricacy 
Time for First Sample 


Dimensional Stability 


Investment 
Casting 
versus 


Shell 
Moldi 


Shell 
Cheaper 


Investment 
er 


Shell 
Cheaper 


Shell 
Botter 


Investment 
er 


Evenly 
Matched 


Investment 
Better 


Investment 
Better 


Shell 
Better 


Evenly 
Matched 


Shell 
Better 


Baked Sand 
Casting 
versus 
Shell 
Moldi 


Cheaper 


Shell 
Better 


Baked Sand 
Cheaper 


Baked Sand 
Better 


Shell 
Better 


Shell 
Better 


Shell 
Better 


Shell 
Better 


Baked Sand 
Better 


Evenly 
Matched 


Shell 
Better 


Baked Sand 


Shell 
Better 


Shell 
Cheaper 


Forgings 
Better 


Shell 
Better 


Shell 
Better 


Shell 
Better 


Shell 
Better 


Evenly 
Matched 


Shell 
Better 


Shell 
Better 


Welded 


Shell 
Better 


Machined 
P 


Machining 
Better 


Machinin 
er 


Machining 
Better 


Machining 
Better 


Machining 
Better 


Machining 
Better 


Hard to 
Compare 


Cannot 
Compare 


Fig. 1 —Experimental pattern showed that the 3/32 in. thick top section is not prac- 
tical, but that 3/16 in. (next thicker) step is sufficient to form an adequate shell. 


Sbell Molding Stainless Steel 


WALTER H. DUNN 
Foundry Superintendent 
ROBERT E. DAY 

Staff Engineer 
Aircraft 


THE PRINCIPAL LIMITATION of shell 
molding in comparison to sand casting 
of alloy steels is that imposed by the 
difference in patterns. 

For sand casting, patterns can be 
made up of many parts aligned and 
fitted together with dowels. After the 
mold has been rammed, pieces of the 
pattern can be drawn separately from 
the mold. Complex shapes having un- 
dercuts and backdrafts, therefore, can 
often be cast. 

For shell casting, the shell mold is 
made by heating a metal pattern to 
about 500 F and then placing it in a 
dump box or shell molding machine 
containing a mixture of dry sand and 
powdered thermosetting plastic. The 
heat of the pattern melts the plastic 
that, with the sand, forms a shell about 
l4 in. thick around the pattern. While 
still on the pattern, the shell is baked 
for about 45 seconds at 500 to 1,000 
F. After this operation, the shell mold 
is stripped from the metal pattern. 

Multiple piece loose-part patterns 
do not lend themselves to the produc- 
tion of shell molds for several reasons: 

l. Too much heat is lost from the 
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Solar Company 


shell while the pattern is being disas- 
sembled and reassembled for the next 
operation. The loss of heat is uneven 
and a change in temperature at critical 
points results in variations in shell 
thickness. 

2. Shell patterns must be extremely 
accurate. Unless all parts are held at 
the same temperature, assembly of the 
pattern is difficult or impossible. Pat- 
terns at 500 F are too hot to handle 
except with bulky asbestos gloves. 
Mechanized methods could be used 
for precision handling but the cost 
would be high. 

5. Unless all parts fit tightly, the 
plastic in the shell seeps between the 
mating surfaces of the pattern and 
bonds its parts together, making as- 
sembly and disassembly difficult. 

In casting intricate parts, it is pref- 
erable to make a number of shells 


from separate patterns and assemble 
these shells into the complete mold, 
rather than make one mold with many 
separate pieces in the pattern. Accu- 
rate registers can be obtained with 
shell segments. Backdrafts and under- 
cuts cannot be obtained in shell cast- 
ing, unless multiple shells are used 

In shell molding, the pattern draft 
can be as small as 44 deg, which some- 
times permits use of as-cast surfaces 
without machining. The !4 deg draft 
increases wall thickness only 0.05 in. 
per ft of length on one side. By com- 
parison, in a sand casting with the 
normal 3 deg draft, the wall thickness 
increases about 0.60 in. in the same 
distance. 

For extremely thin parts, the shells 
must be made in two pieces to get 
enough mass to properly heat the sand 
and resin mix. The heat in the pattern 
must be sufficient to soften the resin 
and bond the sand temporarily until 
it is put into the oven and baked. All 
projecting areas of the pattern, there- 
fore, must have sufficient mass to hold 
and to provide enough heat to make 
the resin soft and plastic. 
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The experimental pattern shown in 
Fig. 1 was made to determine the min- 
imum practical section and also to 
test various pattern materials. The top 
step, which is ?49 in. thick did not 
have sufficient mass to "set" an ade- 
quate shell (the average shell is be- 
tween 944 and 2$ in. thick), although 
the remainder of the pattern did. The 
tests showed that cast iron, aluminum 
and brass are the best pattern mate- 
rials, in that order; while copper, stain- 
less steel and carbon steel are the least 
desirable. 

Although the top step did not "set" 
an adequate shell, the tests indicated: 
(1) A good shell could have been 
formed by hand operations through 
the use of extra plastic, sand and heat. 
(2) For an automatic long run job, 
part of the pattern could be designed 
for special heating to accommodate 
mechanization. 

Few built-in stresses result from the 
shell molding technique. The plastic 
bond in the shell burns away shortly 
after pouring, and a skin of solidified 
metal builds up on the casting. The 
plastic content of the mold can be 
controlled to regulate the time of burn- 
ing. The ready collapse of the shell 
at low pressure and high metal tem- 
perature results in low stress in the 
casting. 

Shell castings solidify rapidly, which 
promotes the formation of small uni- 
form grains and results in improved 
physical properties. Rapid solidifica- 
tion occurs because the mold is thin 
thereby offering little insulation to 
cooling, and because the mold breaks 
away quickly thus allowing the casting 
to air cool. By comparison, the result- 
ing grains are smaller and more uni- 
form than those of castings cooled in 
sand, and larger than those cooled in 
heated ceram 

Sand inclusions are less likely to 
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Fig. 2—Critical temperature range in which stresses are liable 
to develop in a shell molded casting is between 1,500 and 2,600 
F. Solidification of the metal occurs near upper end of this range. 


occur in shell molding than in sand 
casting because the mold material is 
much stronger and less likely to erode. 
There is greater danger of sand inclu- 
sions, however, in shell molding than 
in investment casting, where no sand 
is used and the mold is a hard ceramic. 
Investment casting, however, is sub- 
ject to hard ceramic inclusions that are 
just as injurious as sand inclusions. 

In shell molding, the foundry can 
take advantage of all its technological 
knowledge of chemical control. Shells 
can be made in large quantities and 
stored. All castings can then be poured 
in one large carefully controlled heat, 
instead of from many small heats re- 
melted from a so-called master melt. 

The chemical analysis of a master 
melt is often given as representing the 
small heat from which castings are 
poured. This is often incorrect. Re- 
melting changes the chemical balance 


of steel and, unless corrections are 
made, the final analysis will not be the 
same as the beginning analysis. To 
run a chemical analysis on each small 
heat would be impractical from a cost 
standpoint. 

Because of the good surface finish 
and close dimensional control of shell 
castings, less machining is necessary 
Thus the as-cast fine grained surface, 
which is the best part of the casting, 
can be saved. 

The overlap of shell molding, and 
a comparison of pertinent factors, 
with other major manufacturing proc- 
esses is given in Table I. The shell 
technique is best suited to the irons, 
steels and stainless alloys. These are 
the metals and alloys with the highest 
commercial pouring and casting tem- 
peratures, as well as the ones that have 
the smallest selection of mold materials 
from which to choose. 


IMPORTANT FACTORS IN THE DESIGN OF SHELL-CAST 


(1) Stresses must be considered in the range between 1,500 
and 2,600 F (solidification temperature). No cracks, distor- 
tions or breaks should develop while parts cool through 
this temperature range. 


(2) The freezing characteristics of molten metal must be 
kept in mind. Since castings solidify from the outside in, 
shrinkage may cause trouble. If there are isolated areas of 
heavy mass, they may become disconnected from the flow 
of liquid metal before they are sound, resulting in voids. 


(3) Stresses caused by uneven cooling can cause a casting 
to fracture or distort in the higher temperature ranges. 
Care should be taken to equalize these stresses as much as 
possible. 


(4) Sharp reentrant angles produce areas of stress concen- 
tration. They develop a notch effect in the casting and 
cracking becomes difficult to prevent. 


STAINLESS PARTS 


(5) Sudden changes of mass should be avoided by gen- 
erous use of tapered sections. 


(6) Large flat areas of thin wall should be avoided, be- 
cause they will not stay flat and oil canning will result. 


(7) Small holes tend to complicate the foundry problem 
if they are cast in. Usually they are cheaper to drill or 
machine. 


(8) By having one surface on the heaviest section of the 
casting machined, the foundryman can use this area for 
risers. 


(9) Wherever possible the parting plane should permit 
the foundryman to pour in a vertical position. And from 
a cost standpoint, the parting plane should be restricted 
to a single plane. 
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Developments to Watch 


MACHINING RADIOACTIVE 
MATERIALS . . . The development 
program for the power plant of an 
atomic powered submarine has re- 
quired that equipment be developed 
to machine a variety of radioactive ma- 
terials. Some are so radioactive that 
several feet of concrete, glass, or water 
are required to protect operating per- 
sonnel. In other instances, radiation is 
so low in intensity that the only pre- 
cautions necessary are that all cuttings 
be carefully collected for disposal and 
that resulting contamination be not 
breathed. 

Where radioactive materials are 
machined by a tool operated in a 
shielded cell, the machine tool area 
is observed directly through a thick 
glass window. Where water is used 
as shielding, the tool is observed 
through the water. 

Where machine tools are used in 
air, they are modified only to the ex- 
tent necessary to provide for remote 
control and for collection of the radio- 
active chips produced. Remotely oper- 
ated compressed air clamps usually 
hold the work. 

For maximum flexibility of installa- 
tion of machine tools in shielded 
cells, d-c motors have been applied 
to the control shafts. Indication of 
shaft position is obtained by geared 
synchro transmitter systems, driving 
revolution counters at the operator's 
control position. 

Cutters driven by d-c motors have 
been successfully used. Tachometer in- 
dication of cutter speed and armature 
current indication for measurement of 
torque have been found helpful. A 
microphone at the cutter zone per- 
mits the operator at the remote control 
station to monitor cutter operation to 
detect abnormal conditions quickly. In 
underwater work, a waterproofed 
microphone has been used. 

An underwater milling machine has 
been built to operate at a water depth 
of 25 ft. All motions, except the cut- 
ter spindle drive, are actuated by drive- 
shafts extending from a control con- 
sole at the edge of the water pit in 
which the tool is installed. Cutters 
are mounted on a taper spindle with 
a snap lock that permits replacement 
with a long handled tool. 

The 1% hp cutter drive motor, 
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spindle and speed reducing belts are 
enclosed in a pressure tight housing, 
which is pressurized with dry air 
slightly above the pressure of the sur- 
rounding water to prevent water leak- 
ing into the motor space. 

The machine frame is stainless steel 
plate. The work fixture is high nickel 
cast iron. To obtain good wear resist- 
ance, the feedscrews are ground from 
precipitation hardened stainiess steel. 
The motor housing is cast bronze. 


DIE CASTING .. . Doehler Jarvis 
recently unveiled their latest die cast- 
ing machine—a 72 inch machine that 
produces die castings weighing more 
than 40 Ib at a rate of about 30 per 
hour. The other extreme is die casting 
machines in use by Gries Reproducer 
Corp. that deliver die castings 0.085 
ia. long and 0.018 in. dia at one end 
and 0.010 in. dia at the other end. 
Thirty pounds of zinc makes 7,000,000 
of these pieces, which are produced at 
the rate of 200 per min per machine. 

Another development to watch is 
the die casting process in which the 
machine delivers parts trimmed and 
hinged together, another achievement 
of Gries Reproducer Corporation. 


WING-SKIN PLATES ROLLED 
WITH A TAPER. A mill that will 
roll an aluminum sheet 40 ft long by 
11 ft wide, which is as much as one- 
half inch thicker at one end than at 
the other, is being built by The 
Reynolds Metals Company. A control 
runs the screws on the rolls up or 
down as the sheet passes through and 
also compensates for the stretch in the 
roll housings and the distortion of 
the screws. 


PRESSED POWDER SHEETS ... 
Powder pressings are increasing in 
maximum size and the scope and 
number of their applications. But the 
most significant forthcoming develop- 
ment will be pressed powder sheets. 
These will open a vast new field of 
possibilities. Sheets with stripes of 
different metals running in any direc- 
tion, sheets made up of metal mix- 
tures, and countless other “sheet con- 
structions” will become available. 
Uses? Plenty,—many not thought of 
today. Basically, such sheets make pos- 


sible selected properties at different 
parts of the sheet, properties such as 
heat conductivity, electrical conduc- 
tivity, malleability, high hardness and 
others. 


HEAVY PRESSES AND EXTRU- 
SION PROCESSES . . . The heavy 
press program sponsored by the U. S. 
Air Force is progressing faster than 
the technology on the design of large 
forgings. The Alcoa 14,000 ton hori- 
zontal extrusion press is in produc- 
tion; their 50,000 ton forging press is 
scheduled for completion this fall. 
Additional heavy press equipment is 
scheduled for Buffalo, New York, Hale- 
thorp, Maryland, Los Angeles, Cali- 
fornia and Worcester, Massachusetts. 
Supplementary equipment already in 
operation includes a 3,000,000 pound 
stretcher for straightening heavy ex- 
truded sections installed by Alcoa. 
The bottleneck in the heavy press 
program is the paucity of data and 
information relative to the design of 
heavy press forgings. All engineers 
concerned are cognizant of the econ- 
omies resulting from one piece con- 
struction as contrasted with multi- 
plicity of pieces assembled by bolts, 
nuts and rivets. However, design en- 
gineers have still much to learn con- 
cerning the scope and limitations in 
the design of large hot pressings, the 
Stress distribution factors and the 
economics of the problems created. 
Hand in hand with the development 
of heavy press equipment is the 
development of low frequency induc- 
tion heating furnaces for preheating 
billets in preparation for hot pressing 
operations. The newest is capable of 
bringing a 36 in. diameter billet up 
to forging temperature in a relatively 
short time. Initially developed for the 
forging of aluminum and magnesium 
alloys, the heavy press program is now 
expected to be used for stainless steels, 
alloy steels and titanium alloys as well 
as aluminum and magnesium. 
Newest development in extrusion 
processes is the use of sheathings for 
lubrication purposes. Initially the huge 
Ugine-Sejournet glass-lubricant process 
was used for steel, stainless steel and 
titanium. More recently it has been 
reported that titanium could be ex- 
truded using copper as a lubricant. 
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The billet is sheathed with copper 
prior to being charged into the ex- 
trusion press. 

Included in the press program pro- 
ductions is the production of irregular 
shapes such as tapered extrusions and 
stepped extrusions, either hollow or 
solid. 

Another contribution from Ger- 
many is the production of aluminum- 
sheathed transmission cable produced 
by a combination of extrusion-drawing 
techniques. The indefinitely long ex- 
truded tube is produced by continuous 
extrusion in which one billet after 
another is fed into the extrusion press 
without removing the "butt" of the 
previous billet. Thus is produced an 
endless aluminum tubing. The cable is 
inserted in the cold tube which is then 
drawn down tightly against the cable. 
General Cable in the U.S.A. has 
acquired the rights to produce this 
aluminum-sheathed transmission cable. 


POWDER PRESSING PLUS 
FORMING ... Combinations of 
powder pressings and drawing opera- 
tions are now being used for the pro- 
duction of parts ranging from belt 
buckles to cartridge cases. Engineers 
have long recognized the advantages 
of powder pressings with reference to 
the control that it gives over the ma- 
terial composition. Mechanically pro- 
duced metal powders can be mixed 
with other powders such as graphite, 
silver, plastic powders and others «o 
produce any desired combinations. 
One West Coast company makes a 
specialty of powder pressings that are 
subsequently formed to further dimen- 
sions and proportions on forming 
presses. There has been further devel- 
opment in the use of iron powder as 
the right material for cartridge cases. 
This possibility has been under con- 
sideration for quite a long time. It 
was considered, however, that the thin 
walled section of the finished cartridge 
cases would make it impossible to pro- 
duce this part directly from powder 
by the conventional method of press- 
ing, sintering, and repressing. Tacitly 
analyzing the correctness of this as- 
sumption, there has been developed 
a new technique for the production 
of cartridge cases from iron powder. 
The first step in the production of 
cartridge cases from iron powder is 
the manufacture of a preform, which 
is a small cup shaped piece about one 
inch high and one inch in diameter. 
This piece is produced by the con- 


ventional method of powder pressing 
and sintering. The preform is then 
deep drawn to produce the cartridge 
case. 

One of the most important conside- 
rations in the deep drawing operations 
is the problem of the lubrication of 
the piece and the die. Conventional 
lubricants consist of anything from 
highly complex chemicals to yellow 
laundry soap. However, in the devel- 
opment of the presses for deep drawing 
cartridge cases from pressed powder 
cups, the preform is copperplated. The 
copper acts as a lubricant between the 
preform and the drawing punches and 
the dies. During the drawing steps the 
material nearest to the surfaces of the 
preform is subjected to the ironing. 


CENTRIFUGAL COMPACTING 
. . . Centrifugal compacting is closely 
related to powder pressing. Whereas 
in a powder pressing the pressure is 
created primarily by the plunger on 
the die, in centrifugal compacting the 
pressure is produced by centrifugal 
forces. The advantages of the latter 
method is that it is more economical 
and the pressing develops a uniform 
density, especially so in large parts 
made with heavy powders. This process 
is currently being used to form tung- 
sten carbide bullet cores. 


PLASTIC SHEET FORMING 
TECHNIQUE . . . Vacuum forming 
of sheet plastics was introduced only 
a few years ago. Now comes a varia- 
tion of that technique which is called 
draping. This is a similar process in 
which the formed plastic sheet is held 
in a frame and a male die or form is 
then pushed against it. At the same 
time the vacuum serves to draw the 
sheet tightly against the form and 
thereby pulls the sheet tightly against 
the form at all points. 

In conventional vacuum forming 
the sheet is thinned considerably in 
that region where the greatest amount 
of forming takes place. The draping 
technique avoids this condition, and 
therefore for some forms or shapes 
is a better process to use. 


SHEET METAL SHAPING PROC- 
ESS Entirely new concept in 
plastic deformation is roll flowing, 
which shapes parts that usually require 
mass production quantities to show 
economies. The Floturn process, de- 
veloped by Lodge & Shipley Company, 
coldforms hollow cones and cylinders 


Product Engineering — 1955 Annual Handbook 


D FABRICATION AND PRODUCTION PROCESSES 


from flat sheet-metal blanks, drawn 
cups, or machined blanks. Parts may 
be of regular or varying cross-section 
and have indented or corrugated sur- 
faces and flanged ends. 

The new process looks like spin- 
ning, but there the resemblance ends. 
In spinning, the blank diameter is 
considerably larger than the product 
diameter, the metal is folded down 
onto a mandrel, pressures are moderate, 
and the metal is seldom thinned to any 
great extent. 

In the Floturn process, the blank 
is the same diameter as the finished 
product. The metal is thinned as much 
as 75 percent or more in one pass by 
one or more rollers forcing the metal 
against a hardened mandrel. 

Workpiece dimensions depend ai- 
most entirely on mandrel accuracy and 
how closely the roller follows the 
mandrel. Wall thickness can be held 
within -+0.002 in. As metal ahead 
of the roll is not disturbed, stopping 
at any point leaves a flange. 

Cold working of the metal by the 
roller increases its tensile strength and 
hardness. Type 302 stainless steel 
showed a 100 percent increase in 
strength and an increase to 57-59 
Rockwell (with a 30-kg. load) from 
the annealed condition. 

Metals that can be formed by roll 
flowing include steel, titanium, Monel, 
K-Monel, Inconel, Inconel-X, Timken 
Multimet, Universal Cyclops Uniloy 
16-25-6 and 17-22S alloys, Haynes 
19-9 alloys, aluminum, copper, and 
brass. 

Blanks for roll flowing include: 

* Flat pieces—round, square, hexa- 
gonal, or octagonal, depending on the 
shape of any flange to be left at the 
end of the part. 

* Cupped blanks. 

* Shaped cylindrical blanks 
chined from forgings, centrifugal cast- 
ings, or press-formed shapes. 

* Cones or cylinders made by wrap- 
ping sheet or shaped (rolled or ex- 
truded) stock into the desired shape 
around a form and welding the joint. 

Forming is done under a flood of 
coolant applied just ahead of the point 
of contact between roll and work. The 
coolant may be light and medium 
viscosities of lubricating oils, cutting 
oils, or conventional shop mixtures. 

The special lathe, developed for the 
process by Lodge & Shipley, for the 
Floturn process is similar to a power 
spinning lathe, but it can apply pres- 
sures considerably greater. 


ma- 
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How a helicopter hangs by its “elbows” 


For flexible **elbows"—625-part 
rotor assemblies that control the 
amazing maneuvers of its depend- 


able H-21 “Work Horse” Heli- 


copter—PIASECKI looks toLycoming! 


How a jet engine runs on its "nerves" 


To produce the auxiliary **nerve 
center" for its J-40 jet engine—a 
complex gearbox that transmits 
power to v ital engine accessories— 
WESTINGHOUSE looks to Lycoming! 


PEL “ 2 
Sinews“ to give cars “go” 
For vital automotive parts—mass- 
produced precision components 
that can “take it” year after year 
—leading automobile manufactur- 


ers like FORD look to Lycoming! 


Strong “wrists” for America’s 
new hay balers 


For sturdy, dependable spur and 


“Leg muscles” that cushion 
a jet's landing 
For tough main leg cylinders that 
house the hydraulic action which 
enables the F-86 Sabrejet to absorb 
fast landing jolts—cLEVELAND 
PNEUMATIC looks to Lycoming! 


bevel gears—‘“‘wrists” that drive 
the tying mechanism of its **one- 
man” time- and money-saving hay 


baler—NEW IDEA looks to Lycoming! 


that play 
a “big part” 


Peak performance by any product requires big 
performance from small parts. Lycoming's skill 
at producing such custom parts explains why so 
many leading manufacturers look to Lycoming. 


Look at Lycoming's record! Parts ranging from tiny 
precision-made aircraft gears to rugged mass-produced 


automotive parts. And scores of others produced for 
America's industrial and military leaders. All “living” 
evidence that Lycoming can solve your metal-working 
problem, too! 


Just off the press! “Tue Lyrcominc 
Srory’’. . . 40 interesting, 

illustrated pages showing many 

ways Lycoming is ready to help 

you. Write for it on your letterhead. 


If you need dependable parts... or any other I. 
d . Aircraft Engines 


Industrial and Tank Engines 
Engine Overhaul 
Generating Units 


diversified services listed with our signature . . . call 
us without obligation. Lycoming’s wealth of creative 
engineering ability, its 2)2 million square feet of floor 
Turbine Engineering and Research 
Engineering Design and Development 
Hardened and Ground Precision Parts 
Gears and Machine Parts 


space, and 6,000-plus machine tools stand ready to 


serve you. Whatever your problem. . . look to Lycoming! 


Complete Assemblies 
Heat-Treating and Plating 
Steel Fabrication 
Castings 


Boilers 
FOR RESEARCH * FOR PRECISION PRODUCTION 


"OuUM NE om - 
K LY J " 
in detail oo Mig LOOK To 
sion. Co! 
at ratiord ' 


DIVISION OF 1 STRATFORD, CONN. 
Md TCO Manufacturing plants in Stratford, Conn. and Williamsport, Pa. 
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PRECISION 
DIE CASTINGS © 


can do this 
FOR YOU 


REDUCE COST of component parts and 
end products. 


REDUCE OR ELIMINATE ASSEMBLY COST 
by combining several parts into 
one die casting. 


REDUCE WEIGHT of component parts 
and end products. 


IMPROVE APPEARANCE of your product. 


IMPROVE PERFORMANCE of your product. 


HERE'S HOW... 
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LARGE CASTINGS 


l. 


Makes possible use of die castings for prod- 
ucts which, if cast by other methods, would 
cost considerably more. 


2. By proper design, can be made stronger and 


more rigid than by other production methods. 


. Makes possible the combining of several 


small parts, reducing or eliminating assembly 
costs. 


. Recent developments prove die castings by 


Precision can do tough jobs where functional 
stress is involved. 








COMPLICATED CORING 


. Reduces subsequent machining operations. 
. Combines several parts into one die casting. 


. Makes possible low-cost production of intricate 
parts in quantity. 


EXTERNAL THREADS 


1. Reduces subsequent machining operations. 
2. Makes possible the use of many parts "as-cast." 
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Many die castings, particularly alumi- 
num, can be self finished. (e.g., Pol- 
ished Aluminum) 


. Die castings can be painted, oxidized, 


plated or self finished by polishing. 


. Precision can finish in any manner in- 


cluding precious metal plating. 


. Precision has complete plating and 


finishing facilities at the Kalamazoo, 
Mich., and Syracuse, N. Y., plants. 


THIN SECTIONS 


l. 


Makes possible the production of parts 
where rapid heat transfer or dissipa- 
tion is important. Combined with high 
heat conductivity of aluminum, makes 
possible many products at low cost and 
greater efficiency. 


. Helps designer achieve weight reduc- 


tion in product. 


. Reduces cost of many products as less 


metal is used. 


INSERTS 


1. 


Inserts of any metal can be cast in die 
castings. 


. Makes possible the production of com- 


pletely integrated parts — functional, 
electrical, structural, etc. 


. Inserts can be cast in for functional 


and ornamental purposes. 


CLOSE TOLERANCES 


1. 


Die castings can be produced to ex- 
tremely close tolerances through rigid 
production control used at all of Pre- 
cision's nine plants. 


. Many parts are cast to such close 


tolerances that they can be used 
"as-cast." 


. Precision's close control of tolerance 


often results in the substantial reduc- 
tion or elimination of subsequent ma- 
chining operations. 


. Very often this close control of toler- 


ances reduces assembly time in your 
plant. 





PRECISION 


Design & Engineering Service 


hah pul 


1. Precision can be most valuable when called 
in when the product is in design stage. 


REMEMBER 


2. Precision engineering and designs are rated 
among the highest by those who know. 


3. Precision's help in designing or redesigning 
parts for die casting can result in substantial 
savings for YOU. 


Gall a PRECISION Engineer 
| Today 


PRECISION CASTINGS CO., Inc. 
212 Walnut St., Fayetteville, N. Y. 


Syracuse, N. Y. * Cleveland, O. * Chicago, Ill 
Kalamazoo, Mich. * Cortland, N. Y. 
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FABRICATION 


A WIDE RANGE OF SHEET AND PLATE PRODUCTS 


Put your sheet and plate fabrication problems up to 
specialists. Whether you require ten or ten thousand 
components, Kirk & Blum has the men, machines, methods 
and materials to do the job quickly and economically. 


CONTROL CABINET 
Steel and alloy fabrication . . . sheet, plate and light 


structural... has been a Kirk & Blum specialty for 47 years. 
Exceptional experience and complete facilities up to 15" 
thickness in carbon steel, stainless, aluminum, monel 
and other alloys. 


Send prints for prompt quotation or write for your copy 
of the latest Kirk & Blum Sheet and Plate Fabrication catalog. 
The Kirk & Blum Míg. Co., 3223 Forrer St., Cincinnati 9, Ohio. — eee 


Kink-Buum 


SHEET 
METAL | GASOLINE TANK ' 
FABRICATION | FUEL Oll. TANK 


We 
Bring Your Prints 
To Life. 


LA CONDENSATE 
GASOLINE PUMP STAMPINGS — HYDRAULIC RESERVOIR PUMP TANK 
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^ | Having no deficiency; 


Com-plete entire; accomplished. 
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Amos does your complete job...RIGHT 


Amos is famous for quality plastics . . . in quantity. 


Amos facilities are complete . . . product design . . . engineering ..; 
mold building . . . molding with 4 to 300 ounce machine capacity ... 
conveyorized assembly and finishing . . . vacuum plating . . . silk 
screening . . . hot stamping . . . roller coating . . . printing . . . spray 
painting —everything your product needs in plastics—under one roof 
—no divided responsibility. 

Amos is privileged to serve some of the best-known names in 

American industry. Amos invites YOU to join this ever-growing 

list of satisfied customers — »ow. No obligation . . . write, wire 

or pbone your inquiry to: 

AMOS MOLDED PLASTICS * EDINBURG, INDIANA 

Offices: Chicago, Detroit, Philadelphia, Kansas City, Mo., Nashua, N. H. 


all under OWE ^00 .. 
no divided responsibility 





Electro-Sealing Service — 


Provides the design, enclosure, base, 
brackets and terminals. 


Assembles, wires and seals your com- 
ponent in an atmosphere of dry, inert 
gas. 


Evacuates enclosure by high-vacuum 
system and thoroughly tests for leaks 
by means of mass spectrometer. 


In addition to volume production, pro- 
vides small quantities for engineering 
samples or for limited production 


schedules. 


Invites you to send complete engi- 
neering information and samples of 
parts to be hermetically sealed. 


Electro-Seal Corporation 
946 North Avenue, Des Plaines, lllinois 
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PROBLEMS SOLVED 
IN STANAT MILLS 


The Stanat Manufacturing Company, Long 
Island City, New York, produce a line of small 
rolling mills used in both laboratory and in- 
dustrial production. Three fundamental prob- 
lems in the design and manufacture of these 
mills were encountered and solved as follows: 


PROBLEM 


Subjection of frames to unpre- 
dictable stresses and shock in 
service. 


Roll leveler—a unit for level- 
ing strip stock up to 346” thick. 
Wide speed ranges and 


I changing types of material im- 


pose intermittent shock loads. 


Bull gear breakage—an un- 


u expected application by cus- 


tomer resulted in gear 


| breakage. 


SOLUTION 


Strong, tough, rigid Meehan- 
ite frames. 


Pressure lubrication achieved 
by rifle drilling Meehanite 
frames. Meehanite housings 
for pinch roll bearings for 
long life and soundness. 


Bull gear redesigned to use 
heat treated Meehanite cast- 
ings. No further breakage. 


| Stanat three-inch combination mill assembled for rolling 
both flat and wire stock. 


Heat treated Meehanite bull gears eliminated breakage 


in service. — d 


BUILDER SAYS: 

“Generally, we use Meehanite castings for parts 
subject to high stress, heavy shock loading or where we 
desire dimensional stability during machining. Also, we 
use special heat treatable types of Meehanite metal in 
applications such as gears, and for rolls used in our mills 


D34 


for hot rolling. 

The use of the Meehanite castings gives us greater design 
freedom, makes for more compact sizes and gives a 
product that we know will stand up to anything thet 
can be reasonably be asked of a mill.” 
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MEEHANITE GEARS 


C 


REPLACE FORGED STEEL IN COTTON GIN DRIVES | 


The Lummus Cotton Gin Company, Columbus, 
Georgia, achieved major machining and material 
economies by specifying Meehanite gear blanks 
when manufacturing the drive mechanism shown. 


Formerly cut from a solid forged steel billet, re- 
design, after a study of the engineering properties 
available in Meehanite metal, developed a gear 
blank from which the drive gears were machined. 


The unit as indicated, is a drive for a tramper 
countershaft on a cotton gin and operates not only 
the tramper, but in some cases, hydraulic pumps 
for the presses and is driven by a 30 HP motor. 


BUILDER SAYS: 


“We thus achieved not only a substantial saving in 
machining time and material, but operational noise was 
reduced because of the high vibration damping quality 
of the Meehanite gears.’’ 


ONLY A MEEHANITE FOUNDRY 


American Brake Shoe Co. d Mahwah, New Jersey 
The American Laundry M Co. Rochester, New York 
Atlas Foundry Co. . . . . . . 5. 5 Detroit, Michigan 
Banner Iron Works : . St. Louis, Missouri 
Barnett Foundry & Machine Co. Irvington and Dover, New Jersey 
E. W. Bliss Co. à . Hastings, Mich. and Toledo, O. 
Builders Iron Foundry a Providence, Rhode Island 
Compton Foundry Compton, Calif. 
Continental Gin Co. . . Birmingham, Alabama 
Crawford & Doherty Posndry Co. — Portland, Oregon 
The Cooper-Bessemer Corp. Mt. Vernon, Ohio & Grove City, Pa. 
DeLaval Steam Turbine Co. . . « Trenton, New Jersey 
M. H. Detrick Co. d Š Newark, N. J. and Peoria, Ill. 
Empire Pattern & Feendry Co. Tulsa, Oklahoma 
Farrel-Birmingham Co., Inc. . . Ansonia, Connecticut 
Florence Pipe Foundry & Machine Co. Florence, New Jersey 
Fulton Foundry & Machine Co., Inc. . Cleveland, Ohio 
General Foundry & Manufacturing Co. Flint, Michigan 
Georgia Iron Works Co. a Augusta, Ga. 
Greenlee Foundry Co. . . Chicago, Illinois 
The Hamilton Foundry & Machine Co. Hamilton, Ohio 
Hardinge Company, Inc. — New York, New York 
Hardinge Manufacturing Co. York, Pennsylvania 


Johnstone Foundries, Inc. 
Koehring Co. : 

Lincoln Foundry Corp. 

Palmyra Foundry Co., Inc. 

The Henry Perkins Co. 

Pohlman Foundry Co., Inc. 
Prescott Co. . i 
Rosedale Foundry & Machine Co. 
Ross-Meehan Foundries i 
Shenango-Penn Mold Co. 

Sonith Industries, Inc. . 
Southern lllinois Foundry Co. 
Standard Foundry Co. 


The Stearns-Roger Manufacturing C Co. 


Traylor Engineering & Mfg. Co. 
Valley Iron Works, Inc. it. 
Vulcan Foundry Company 


Warren Foundry & Pipe Corporation 


Washington Iron Works 


ANA A 


Hartley Foundry Division— 

London Concrete Machinery Co., 
E. Long Ltd. dei" pdt Low 
Otis Elevator Co., Ltd. 


Write for your copy of "The Handbook of Meehanite Metals” 
This Advertisement Sponsored by Foundries listed above 


MEEHANITE METAL. con». 


714 North Ave., New Rochelle, N. Y. 
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CAN MAKE MEEHANITE CASTINGS 


Grove City, Pennsylvania 


Milwaukee, Wisconsin 
Los Angeles, California 
Palmyra, New Jersey 


Bridgewater, Massachusetts 


Buffalo, New York 
Menominee, Michigan 


Pittsburgh, Pennsylvania 


Chattanooga, Tennessee 
Dover, Ohio 
Indianapolis, Ind. 
Carmi, Ill. 


Worcester, Massachusetts 


Denver, Colorado 


Allentown, Pennsylvania 


St. Paul, Minnesota 
Oakland, California 


Phillipsburg, New Jersey 


Seattle, Washington 


Brantford, Ontario 
Orillia, Ontario 
Hamilton, Ontario 





COMPLEMENTARY METALS 


MAGNESIUM and TITANIUM 


Magnesium gives you : Titanium gives you 
good strength with : EXTREME STRENGTH 
EXTREME LIGHTNESS Ë with good lightness 


One metal complements the other. BGP has broadened its scope- 
of-service to the light metal industry by developing methods and 
adding facilities for the fabrication of Titanium. For information 
or advice regarding your possible uses of these Companion Metals, 
write or phone BGP. 


M o 
Engineering Rolling Fabrication 
and Design Magnesium (UL. and Assembly 
in Magnesium y Sheet and = í 
and Titanium Plate - of Magnesium 
d D and Titanium 
BROOKS and PERKINS Inc. 
1956 W. FORT ST., DETROIT 16, MICH. , 
unn sss LIGHTNESS . . . PLUS. 
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MAGNESIUM and ALUMINUM DIE CASTINGS 


OFFER SAVINGS- 
VERSATILITY and 
FREEDOM of DESIGN 


More and more channels are now open to manufacturers for the application 
of die cast parts in magnesium or aluminum. These tough, durable, and 
mechanically strong metals afford many advantages. In addition to their 
availability, production costs can be lowered and great savings in weight of 
products effected. By die casting with these new lightweight alloys, greater 
scope is offered to the engineer and designer for the development of ideas. 
The versatility of uses is partially indicated by the illustrations here of a few 
of the magnesium and aluminum die cast parts produced by LITEMETAL. 


PORTION OF OUR COMPLETE CASTING DEPARTMENT 


Close tolerances inherent in 
pressure die castings often 
completely eliminate and 
always minimize produc- 
tion machining operations. 
‘Aluminum and magnesium 
die casting alloys may be 
die cast to the same degree 
of accuracy because they 
have approximately the 
same casting temperatures 
and equivalent shrinkage 
on solidification. 


Comparatively simple dies 
can be used to die cast 
parts at lowest cost and 
great savings are effected 
in labor otherwise required 
for machining and finish- 
ing—(most of the holes are 
cored) — through this pre- 
cision method for produc- 
ing an immense variety of 
parts. 


While die castings are fre- 
quently used without any 
further finishing, they can, 
when appearance is impor- 
tant or desirable and addi- 
tion surface protection is 
necessary, be given a wide 
variety of surface finishes, 
including mechanical fin- 
ishes, chemical finishes, 
electrolytic coatings and or- 
ganic paint finishes. 


LITEMETAL DICAST, INC. is an organization of specialists—men thoroughly experienced 
in the casting and machining of magnesium and aluminum alloys. Our equipment in- 
cludes big machines for big jobs—little machines for little jobs . . . the right sizes and 
types of the most modern die casting equipment for producing parts from the size of a 
button to large cable spools. Complete facilities for secondary operations are also 


available. 


a 


LITEMETAL DICAST 


A DIVISION OF HAYES INDUSTRIES 


1921 WILDWOOD AVE. ` 


Write today for literature and design informotion. 


Quick action on inquiries. 


PLANT AND EXECUTIVE OFFICES 


Gdp 
š É 
N 


eie 


JACKSON, MICHIGAN 


OPTICAL 


HOUSING 
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OFFICE MACHINE 
HOUSING 


AUTOMOBILE 
ENGINE 


WINDSHIELD WIPER 
HOUSING 





This Kennedy-VanSaun 
CRUSHER SHAFT 


went to work on time 


thanks to 


To keep production moving without deiays so 


. | * that finished equipment may be shipped on 

Standard Steel $ ` schedule, Kennedy-Van Saun Manufacturing & 
Engineering Corporation realizes the importance 

of Standard Steel's ability to supply necessary 


i materials on time. Vice President F. O. Reedy 
writes: 
I Ë “A matter of great importance when contracting 
for the purchase of forgings is the problem of 
x getting deliveries. We bavefound wben Standard 
Steel Works, as contractors, make a promise of 
delivery, it is very dependable, and tbis is ex- 


tremely important to us." 


In addition they have found the analysis and 


£ E | | quality of the steels used in Standard Steel forg- 
| ings and castings contribute to most dependable 
performance records. 
| Thus another reason why you should stand- 
ardize on Standard Steel forgings and castings to 
e protect your reputation and the quality of your 


products is the fact that you can be certain of 
Standard's fast service without sacrifice of quality. 

ONE OF SIX REASONS why you should al- 
ways call Standard Steel for forgings and castings. 


Quality Steel—through production of own Fast Service—a vital factor in the continuing Capacity—wunsurpassed ability to produce 
steel by acid process. growth of Standard Steel for over 150 5 forgings and castings of unusual sizes and 
years. shapes, such as weldless rings a!l the way 

vp to 144" O.D. 


Uniformity—ossured by precise control of Testing—radiographic tests, tensile tests, y Experience—produced by skilled workmen 
forging and rolling operations. hardness tests, ultrasonic probing of internal with 20 to 40 years experience, 
structure, etc. 


For more information write Dept. 8735 


STANDARD STEEL WORKS DIVISION 
Burnham, Pennsylvania 


BALDWIN -LIMA -HAMILTON 


General Offices: Philadelphia 42, Pa. èe Offices in Principal Cities 
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How Carbon-Graphite can better machine design 


Never before has so much depended on the machine 
and its design. Today, the machine must deliver constant, 
high performance in combination with low-cost mainte- 
nance. Anything less than these will boost a manufac- 
turer’s production cost and make his selling a tough job 
indeed. 

The use of Carbon-Graphite wherever possible in ma- 
chine design can be the deciding factor in lowering pro- 
duction costs. 

As a bearing material, Morganite Carbon-Graphite is 
insurance against damage or spoilage due to the leakage 
of applied lubricating oils, greases, or searching liquids. 
Carbon-Graphite is self-lubricating. And its long wearing 
qualities makes it highly desirable for submerged opera- 
tion or in hard-to-get-at locations. 

The low coefficient of friction of Morganite Carbon- 
Graphite bearings is equal to lubricated bronze, stainless 
steel, cadmium silver, and many other metals. They can 
be installed and forgotten. They require no maintenance. 

But, bearings are only one class of products for which 
Morganite Carbon-Graphite is ideally suited. 

Carbon-Graphite is versatile. It is a very workable 
material. It can be molded to tolerances of .001”, in simple 
or intricate patterns. And when desired, closer tolerances 
can be obtained by machining or lapping. 

Morganite Carbon-Graphite can be plated, cemented, or 
can be permanently vulcanized to natural or synthetic 
rubber. And it can be coated with porcelain or other 
ceramic material. 

Morganite Carbon-Graphite is used extensively in the 


fabrication of valves and valve seats. Carbon-Graphite 
valves and valve seats are highly resistant to corrosion in 
most chemical solutions and are non-gumming, non-con- 
taminating, besides being self-lubricating. 

Carbon-Graphite does not give off or pick up flavors, 
colors or odors. It is ideally suited for food prccessing 
equipment. 

Prominent among its other features, Morganite Carbon- 
Graphite will not warp, swell, or gum. It is not affected 
by reasonable temperatures; withstands high pressures, 
and retains its strength and hardness under extreme 
conditions. 

More and more, alert design engineers recognize the 
tremendous plus-values of Carbon-Graphite. This is par- 
ticularly true in the design of chemical and food proces- 
sing equipment. If you have any plans on your board now, 
do not overlook the possibilities of Morganite Carbon- 
Graphite in your design, regardless of the industry the 
machine is to serve. 


Partial List of Morganite Applications 


Steam engine piston rings 
Air compressor piston rings 
Small pistons and plungers 
Cylinder liners 

Torque converter seals 
Grease seals 

Turbo supercharger seals 
High temperature fan seals 
Water pump blades 


Glass molds 

Oxygen seals 

Thrust bearings 

Gasoline valves 

Chemical bearings 

Air compressor blades 
Water turbine seals 

High temperature bearings 
Supercharger bearings 


Morganite Sales Engineers will be glad to work with you, placing at your disposal the results of Morganite’s 
50 years experience in Carbon-Graphite and Carbon-Graphite fabrication. Write or telephone Morganite 


Incorporated. You'll be glad you did. 


REGISTERED 


TRADE MARK 


3302-3320 48th Avenue, 
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For Your Ferrous 
Casting Needs 
Get These... 


Freedom from. 
1 Porosity 
2 High Cost Material 
| Expensive Machining 
4 Metallurgical Variation 
with 
| | á PERMANENT MOLD 
How Flame-P ating Gray Iron Castings 


gives Aluminum the 
WEAR-RESISTANCE 


of Tungsten Ca rbide — 


The manufacturer of this aluminum forging had his cake and ate 
it, too. By Flame-Plating the wearing surface of this part with | 













Refrigeration 


VALVE BODY 


tungsten carbide, an unusual combination of lightweight, low inertia, | 








and high resistance to wear was developed. Before Flame-Plating this | Washing Machine 
forging wore out after about 300 hours of operation. After the thin | Au Compressor “is 
Í CRANKCASE 1 


coating of tungsten carbide was applied the wear life of this part 













Permanent Mold Gray Iron Cast- 
ings by DOSTAL offer many ad- 


vantages Their structure is uni- 


easily exceeded the required 1000 hour mark. Another wear problem 
solved by Flame-Plating. 

Flame-Plating is a new LINDE process for applying a coating of 
bid ! f f 1 : onal le of form and surface scale is elimi- 

igsten cé > > wear S aces arts z í / tools made o ; , 
tungsten carbide to the wear surfaces of parts and many tools m nated. These 2 factors permit 
higher speed machining with 
problems with Flame-Plating, read the new **Flame-Plating'"' booklet. faster feeds. The dimensional 


most common metals. For the full story on how you can beat wear 


accuracy and uniformity of 
DOSTAL Permanent Mold Cast- 


LINDE AIR PRODUCTS COMPANY, Room 308 C ings reduces machining oper- 


CLIP A Division of Union Carbide and Carbon Corporation 


30 East 42nd Street, New York 17, N. Y. 


| 
I 

I 

l ^" " 

ations to a minimum. Permanent 
| molded castings are uniform in 
I 
I 
| 













product through the use 


COUPON hardness and their structure is 
Please send me your free booklet on Flame-Plating, Form 8065 dense and porous-free 
TODAY i Write Us Now Find out 
Da kiy. 40% 45 a a a a Peis. 6s wa dR a oo cda tt the costs al 
FOR | 
| 


manent Mold Gray 


YOUR 
FREE 
COPY 


FOUNDRY ond MACHINE COMPANY 


2512 Williams Drive 
Box 180 Pontiac, Mich 


The term "Linde" is a registered trade-mark of Union Carbide and Carbon Corporation. 





D40 Product Engineering — 1955 Annual Handbook 


DESIGN AND DEVELOPMENT ENGINEERS! 
HERE'S A SURE CURE FOR YOUR 


Deep Drawn 
Instrument Case 
Problems! 


ee 


DRAWING, HYDROFORMING, ANNEALING, 
SPOT WELDING, ASSEMBLING, TOOL MAKING 


Kaupp can supply your instrument cases to exact 
specification quick y and economically. Special 
shapes and odd sizes are a specialty at Kaupp and, 
in most cases, can be turned out on reasonably short 
notice. Kaupp has the experience and the metal 
working facilities for precision forming of intricate 
shapes to close tolerances. Gauges .002 to % stock 
in stainless steel, Inconel, aluminum, cold rolled 
steel, brass and other alloys. Check with Kaupp on 
your metal parts needs, now! 


c. B. KAUPP & soNs 


NEWARK WAY * MAPLEWOOD + NEW JERSEY 
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here's how 


TWIN CITY DIE 


helped Onan cut 
19 machining operations 
off this gear case 


Using sand casting methods, 31 expen- 
sive machining operations were neces- 
sary in manufacturing this Onan gear 
case. Machining operations were com- 
plex, time and handling costs were high. 
Costs had to come down. 

Twin City cut the required machin- 
ing operations to 12 by die casting the 
gear case and governor shaft boss in one 
operation. A loose core was inserted into 
the die before each “‘shot’’ to cast the 
double-diameter governor boss. Hold- 
ing relative tolerances as close as .003 
“over 6” eliminated many machining 
operations, simplified others. Result: 
far lower unit cost, far simpler machin- 
ing—precision accuracy with produc- 
tion economy! 

This Onan gear case is just one ex- 
ample of how Twin engineers and die 
casters work with you to cut your costs. 
Oldest die caster in the Upper Midwest, 
Twin City keeps its leadership because 
of its willingness and ability to look at 
every job through the customer’s eyes. 

Get the facts for yourself! Send us 
samples or blueprints and let us demon- 
strate Twin City service to you! 


s 
CASTING CASTING 
17 0 
2 1* 

3 3 


Drilling 

Machining face 

Ream rotor shaft holes 
(Tolerances: 4-.0003"— 
.0000; --.0005"— 
,0000*; 4-.001"— 
.000”) 

Tapping 

Machining operations on 
main shoft bearing hole 
(Tolerance: --.000* — 
.001” 1.D.; and +.001” 
—.000” O.D.) 


Reaming dowel pin holes 


2 2 


31 12 
19 OPERATIONS ELIMINATED! 


*Light sanding only. 


TWIN CITY DIE CASTINGS CO. 


3351 TALMAGE AVE. S.E. ° 


£ T 
GAN 
—— 


MINNEAPOLIS 14, MINN. 


Z 


Catalogs 
and 
Bulletins 


Request additional information using 
postcards following page 24 


(P-1) CASTING IMPREGNATION 
—American  Metaseal Mfg. Corp. 
Booklet MMC-048, 8 pp. Contains de- 
velopmental and application story of 
the impregnation of porous castings. 
Illustrations show how the impregna- 
tion by a solid copolymer differs from 
older methods. Tables included to give 
the properties of the impregnant. 


(P-2) PRINCIPLES OF HEAT 
TREATMENT — Meehanite Metal 
Corp., Bulletin 40, 43 pp. Explains an- 
nealing, hardening, martempering, aus- 
tempering and surface hardening in 
detail through the use of charts and 
photographs. Equilibrium diagrams, 
dilatation curves, S curves, and Jominy 
curves and explanations are included. 


(P-3) WIRE FORMING —- Eastern 
Tool & Mfg Co., Booklet, 24 pp. Gen- 
eral information on wire forming; wire 
loops and slides; metal stamping; deep 
drawings; and plating and finishing. 
Has illustrations of facilities and prod- 
ucts made. 


(P-4) PRECISION CASTING—Jel- 
rus Precision Casting Corp., Booklet, 
8 pp. Analyzes and describes typical 
applications and advantages of preci- 
sion investment casting in ferrous and 
non-ferrous metals. A completely illus- 
trated section describes in detail each 
step in the process, 


(P-5) PRECISION METAL CUT- 
TING—Acetogen Cutting Gas Co, 
Inc., 20 pp. Explains the use of aceto- 
gen gas for precision metal cutting, 
brazing, and silver soldering. Features 
are: it provides fast preheating times; 
produces smooth cuts, with sharp 
edges; causes no appreciable hardening 
of cut surfaces; and leaves no adhering 
slag. Also has information on equip- 
ment used. 
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R-B punches (A) and die buttons (B) are locked in standard 
or special retainers (C) which are mounted on the die 
shoes. A spring-loaded ball lock (D) produces positive 
radial alignment and vertical locking; no additional key- 
ing is necessary regardless of the size or shape of the 
punch. Up to 34" stock can be pierced. R-B punches and 
dies are easy to insert; push and twist and they're locked. 
They're easily removed, too. Retainer holes (E) provide 
for insertion of tanged tool which releases ball and allows 


instant removal. 


ES 


IN DIE DESIGNING IN DIE CONSTRUCTION 
R-B standardized retainers are avail. R-B punch and die retainers and special 
able in three shapes and many sizes, retainers are quickly, easily and accu- 
and where necessary, R-B special re- . 4 
tainers can be supplied. You save "time ne E 
on the board" because you are working chining. With them, you can save much 
with standardized equipment. of your skilled die-makers' time. 


rately mounted without special ma- 


IN DIE OPERATION 


HERES WHERE YOU REALLY 
SAVE. R-B punches and dies cut press 
down time for replacement to a mini- 
mum. They’re instantly removed— 
quickly changed—yet accurately aligned 
when locked. 


TOOL STANDARDIZATION IS THE BASIS FOR EFFICIENT AND ECONOMICAL PRODUCTION. 
WITH R-B YOU GET THE ACCEPTED STANDARD OF THE SHEET METAL INDUSTRY —IN STAND- 
ARD DESIGN FEATURES THAT SAVE IN ENGINEERING, DIE CONSTRUCTION AND OPERATION 


F ur Ra: eee 


RICHARD BROTHERS PUNCH DIVISION 
ALLIED PRODUCTS CORPORATION 
DEPT. 63 e 12639 BURT RD. e DETROIT 23, MICHIGAN 


Please send me additional information. 


NAME 
COMPANY 


ADDRESS 





eT 


[ 
| 
l 
l 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
I 
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PAEAS PILAT 
OTHER ALLIED PLANTS 
SPECIAL COLD FORGED PARTS 


STANDARD CAP SCREWS 


PRECISION GROUND PARTS 


SHEET METAL® DIES 
MADE OF FERROUS ALLOYS? 
ZINC ALLOYS OR PLASTICS 









FIXTURE 
CLAMPS 
AND 
COMPONENTS 











—— — 
CASTINGS 













"NATIONALLY USED 
T AS STANDARDS. 


To seal Freon gas under pressure was a headache 






' SAVE TOOL and for one concern until they turned from washers 

- DESIGN COSTS made from porous sand castings to the use of 
E " leak-proof Non-Gran Spun Centrifugal Castings. 
—— LARGEST ASSORTMENT Rejects dropped from a costly 35% to practically 
7— IN THE INDUSTRY. nil. After four years the company continues to 
t use Non-Gran Spun Centrifugal Castings. Take 
I ASSURED QUALITY advantage of their greater resistance to wear, 






fatigue, shock and abrasion to lower your costs, | 
improve your product. Request booklet, write: 
American Non-Gran Bronze Co., Berwyn, Pa. 


Metropolitan Phila. on the Pennsylvania R.R. main line 


- and SERVICE 





















DEPENDABLE-DURABLE 


FIXTURE CLAMPS e widest 
range of sizes and types to fit! 
every requirement. 


Jack Locks èe Cam Locks e 
Hand Knobs e Hand Wheels X 
e Steel Ball Handles e Soft 
Chuck Jaw Blanks e Fixture 23 
Cams e Set-up Studs e Rest? 
Buttons and Rest Pads e 
Spherical and Plain Collar Nuts 
è Quarter Turn Screws € Fix- 2 
ture Keys * Spherical and NEE "rd "EET : 
Flat Washers * Shoulder KP ` s TAMPINGS 
Screws and many other items. —— - ! i 
Complete Assemblies or Indi- 2 
BULLETINS 























vidual Parts. 

All precision made of heat- 
treated, selected steel, cadmium 
plated and corrosion resistant 
mid-nite black finish. 


that fits your need... 
to your design. Full size | 
of each product, bound 
e leaf style for easy re- 
, available upon request. | 













FEDERAL TOOL & MANUFACTURING «OQ 


SERVICES BULLETIN NO. 161 describes the facili- 
ties that make Federal a 






saving as much as 80% on die 


TOOL AND MANUFACTURING CO. 


ImoRTOn macHinte UORHS —R — — 


2425 WOLCOTT ST. DETROIT 20, MICH. . — a eae 


QUALITY STAMPINGS IN SMALL QUANTITIES 
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If You Need Metal Enclosures * Save Time and Tooling with 


LINDSAY PREFABRICATED ASSEMBLIES 


SSS a 


LS SAVES ON— 


y DESIGNING 

y TOOLING 

V PROCUREMENT 
Y FABRICATION 

X INVENTORY 

X WAREHOUSING 
X MAN POWER 


— — 


TON Or lene ly ete 


ONLY 4 BASIC PARTS 
YET APPLICATIONS FOR LS PANEL ARE UNLIMITED 


Your production of attractive metal enclosures can be reduced 
to a simple assembly operation with Lindsay Structure—the 
patented method of using pre-tensed sheet metal panels in light 
structures of tremendous strength and rigidity. 


Lindsay prefabricated assemblies are tailored to your exact 
needs from die-formed standardized Lindsay Structure compo- 
nents...fabricated in 78,085 panel sizes... available in mild 
steel, stainless steel, copper, or aluminum...shipped k/d for 
quick assembly with standard tools—no welding or riveting 
required. LS shipments can be scheduled to keep pace with your 


production needs. Fast service on pilot units. 


Lindsay Structure has almost unlimited applications—cabinets, 
housings, refrigerator buildings, processing rooms, dryers, towers, 
bodies for trucks, trailers, buses, etc. 


Put this versatile prefabricated structure to work for you... 
simplify designing, save on dies and tooling, conserve skilled 
man power. Write for descriptive folder or send single line 
drawing for prompt cost estimate. 


LS CONSTRUCTION UTILIZES GREAT STRENGTH OF 
LIGHT SHEET METAL 


This 24-gauge, 36-inch wide sheet 
under uniform tension has greater 
tensile strength than a l-inch rod. By 
a strong, continuous and equalized 
gripping of the entire sheet, the 
weaknesses of rivet holes and welds 
in thin sheet metal are eliminated 
... diagonal gussets and struts are 
made unnecessary. 


LIND SAY ..—— 
s SIRUCTURE 


(uev om Dr U.S. Patents 2017629, 2263510, 2263511 
U.S. and Foreign Patents and Patents Pending 


Truck and Trailer Bodies 
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Catalogs and Bulletins continued 


IF TU 'RE BENT ON > | (P-6) COLD-FLOW METAL PARTS 


PS I" meets —Camcar Screw & Mfg. Corp., Bulle 
CUTTING COST CORN ERS | tin 600, 8 pp. Discusses the cold-flo. 

| TED 9 | process of producing metal parts. Parts 

Mc ctm : ç | feature: natural grain structure to in- 
E A Ra 2 * | crease tensile strength and eliminate 

fractures and stress points; close toler- 

ances; uniformity; negligible waste; 

high speed production. Illustrations 

show parts made and grain structure. 


STEEL TUBING Available with the bulletin is a kit 
| with two samples of the products made 

I$ ECONOMICAL and QUALIFIED from this process. 
(P-7) EXTRUDED PLASTIC DE- 


SIGN—Sheffield Plastics. Inc. Booklet, 
22 pp. Shows how many rigid plastic 


Avon thin wall steel tubing—"as welded,” hard 
drawn, or soft annealed—cures plenty of cost and production 
headaches . . . has successfully supplanted other types of tub- 


ing—copper, aluminum, brass and steel,—where reliability, extrusions in a two-dimensional com- 
performance and price all meet at the cross roads. ponent where continuous length is a 
third dimension can be produced with 
the facilities of this company. Shown 


Id Steel Tubing for its clean, smooth O. D.... i 
———M ' " san " are the design and development labo- 
tensile strength, greater resistance to vibration and ' 
š He ša ratories, the mold-making shop and 
fatigue . . . extreme ductility and adaptability to the * ad a 
. . ° * other extensive extrusion facilities for 
toughest tube forming operations . . . and for its hi- luci be tar: 
pressure tested advantages in hydraulic and pneumatic Pu — — 
applications. x š 
— M — (P-8) INDUCTION HEATING 
Avon engineers can assist you in cutting cost angles— EQUIPMENT—Lepel High Frequen- 
whether its in tubing by the coil, or by the car load. cy Labs., Inc., Bulletin, 38 pp. Sche- 
; : matic diagrams give the principles of 
: Avon Fusionweld " produced by our induction heating, and its practical ap- 
own exclusive, hi-cycle, resistance welding methods Hetaa Biss d 1 illustrati 
; ° . . P ication. as data and illustrations on 
to provide tubing of superior quality to serve the most 


Hundreds of diversified manufacturers specify Avon Fusion- 


heat treating for: surface hardening; 
annealing; differential treating; stress 
relieving; continuous heating; shrink 
fitting; melting; normalizing; bom- 
barding; and treating thin parts. Illus- 
trations and specifications on all 


The consistent tubular strength achieved by Fusionweld equipment. 
is due to its unique single wall construction . . . more 
uniform grain structure in both wall and welded areas. (P-9) HARDENING STAINLESS 


critical needs for bending, beading, flaring, coiling, 
slotting, threading, knurling, perforating and swaging. 
That spells lower cost forming. Fusionweld tubing is held 
to closer tolerances on wall thickness— that guarantees 
uniform strength, less scrap loss! 


That insures maximum resistance to tearing, cracking or STEEL—C. U. Scott & Son, Inc. Book- 
checking at the weld or wall. Its smooth O. D. achieved by let, 64 pp. Describes a process called 
the new Fusionweld process likewise super Scottsonizing, a method of hard- 
provides an ideal surface for plat- ening precision stainless steel parts that 
ing operotions. These features, will be subjected to excessive wear. 
coupled with approval by the Hardening to an estimated 2,000 
leading testing laboratories, plus a Brinell is claimed, with the size vary- 
constantly expanding list of prominent | ing less than 4 of 1/10,000 of an inch. 
tube users is your positive safeguard 
when specifying Fusionweld — "The (P-100 AUTOMATION OF MA- 
mang WIka Wawa. CHINE TOOLS—Turchan Follower 


Xs” O.D. to %4” O.D. Plain or Terne Coated Machine Co, Booklet, 24 pp. Gives 


We can fabricate tubing forms to your specifications. principles of automation, hydraulic 
servo-control systems, and application 


| of control systems. Has schematic dia- 
grams of open cycle plus feedback; 


open manual cycle; and closed auto- 

VON TUBE DIVISION | matic cycle. Has detailed diagrams of 

| automatic controls on different types 

HIGBIE MANUFACTURING CO. of machines, and illustrates other 
tracer-controlled machine tools used 


ROCHESTER MICHIGAN | in the metal cutting industry. 
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fill AE ai 
your 
aluminum da 


MACHINING 


needs at — — 


STOCK 


md TUBING ' 


< 


SPECIAL 
SHAPES 
Harvey's integrated team of 
research specialists, metallurgists 
and engineers is ready to help you 
solve problems of design, engiaceriag, | — 
production or application. For the FORGINGS 
finest materials and the fastest ' 
service it’s Harvey Aluminum... 
nation’s largest independent facility. 


HARVEY ALUMINUM SALES, INC. 
TORRANCE-LOS ANGELES, CALIFORNIA 
BRANCH OFFICES IN PRINCIPAL CITIES 


An independent facility producing special extrusions, pressure forgings, 
bar stock, forging stock, tubing, impact extrusions, aluminum screw machine 
products, and related mill products. 


SCREW 
MACHINE 
PRODUCTS 
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A section of our 20 machine die cast department can pro- 
duce aluminum and zinc die castings weighing up to 20 
pounds plus and with depths exceeded by no one. 


With water hydraulic impact injection, castings produced 
have GREATER DENSITY AND BETTER FINISH. Production is 
assured without the conventional fire hazards. 


We would be pleased to help you with your die casting 
problems. 


x Aluminum and Linc Alloys x 


2228 N. ELSTON AVE. CHICAGO, 14, ILL. 
PHONE ARmitage 6-4803 


SA 
to bend 


co 
diacro 
BENDING MANUAL 


by the originators of ”Die-less Duplicating” 


This instructive and authoritative booklet will quickly prove 
itself indispensable wherever bending is done or is needed. It 
brings you a veritable gold mine of tested, authentic bending 
methods applicable to any rotary type bender. The proper 
bending technique may frequently offer a new approach to 


an old problem by simplifying product design and cutting 
production costs. 


The exact methods of producing various types of bends in a 

wide range of materials are illustrated, step by step, with 
over 90 diagrams and charts together with valuable 
tooling suggestions. 


You'll want a copy . 
Mail your request today. 


⁄⁄ 23 Os ts the in inn 
' seas | BO0.S 


e 


Catalogs and Bulletins continued 


(P-11) SHELL MOLDING MA- 


| CHINE—Sutter Products Co. Bulle- 


tin S, 4 pp. Explains the operation of 
an automatic shell molding machine, 
designed to accommodate 95 percent 
of the applications for shell molding 
without special engineering experi- 
mentation, or cut-and-try. Illustrations 
show the machine in various stages of 
operation, with all parts explained 
Gives all dimensions and engineering 
data 


(P-12) SHELL MOLDING—Durez 
Plastics & Chemicals, Inc. Booklet, 36 
pp. Titled, “A Guide to Shell Mold- 
ing,” it discusses in detail the method, 
materials and equipment used. It also 


| deals with many common problems en- 
| countered, and suggests possible causes 


as well as solutions. 


(P-13) PRECISION METAL FORM- 
ING—C. B. Kaupp & Sons. Booklet, 
16 pp. Shows process and illustrates 
types of products made by deep-draw- 
ing, spinning, hydroforming, stamp- 
ing, and punching. In hydorforming, 
gages include sheets from 0.010 in. 
thickness up to 3 inch. Lists metals 


| adaptable to spinning. 


(P-14) SHELL MOLDING—Builders 
Iron Foundry Inc. Bulletin 100-K12, 
i pp. Describes the foundry tech- 
nique of the production of castings by 
the shell mold process, and illustra- 
tions showing how a typical shell mold 
casting is made. Also has illustrations 
of other castings and lists comparative 
cost data. 


(P-15) ELECTROFORMING—Bone 
Engineering Corp., Booklet, 8 pp. Tells 
what electroforming is and where it is 
used. Illustrations compare parts made 
by electroforming, and those made by 
other methods. Tolerances of 0.001 
in. are maintained. Physical properties 
of electroformed metals also given are 


| of interest to design engineers. 


(P-16) TUMBLING—Tumb-L-Matic, 
Inc. Bulletin. Describes the wet proc- 
ess tumbling barrels used for debur- 
ring, cutting down, smoothing and 
burnishing forged, stamped or cast 
metal parts by tumbling the parts in 
water with abrasive materials. Covers 
drive mechanisms, electric controls, 
barrel construction, and specifications 
on 6 standard units available for the 
wet tumbling of metal parts. 
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The Crawler Side Frames illustrated above, parts of a large 
strip mining machine which were formerly produced in cast- 
ing form, were redesigned and produced by Mahon as 
weldments. These and the parts and assemblies shown at 
the left are typical of thousands of Steel-Weld Fabricated 
units produced and machined by Mahon for hundreds of 
manufacturers of processing machinery, machine tools and 
other types of heavy mechanical equipment. If you require 
welded steel parts, assemblies, or special purpose equip- 
ment, you can turn to Mahon with complete confidence 

highly skilled personnel are available within the 
Mahon organization to do the complete job from drawing 
board to finished machining and assembly —thoroughly 
experienced personnel who are backed by tools and plant 
facilities with capacity to produce virtually anything in 
welded steel construction regardless of size or weight. You 
will find in the Mahon organization a unique source for 
Steel-Weld Fabrication . . . a source where skillful design- 
ing, advanced fabricating techniques and superior crafts- 
manship assures you a smoother, finer appearing job 
embodying every advantage of Steel-Weld Fabrication. 
See Mahon's Insert in Sweet's Product Design File, or have 
a Mahon engineer call and give you complete information. 


oe te CBee. CORRAN 
DETROIT 34, MICHIGAN 


and Fabricators of Steel in Any Form for Any Purpose 





Machine 
pov‘ 


d Port 
jerme 


$2.25 


4* Por 


Get your copy 
of this informative 
new booklet 


PrRADE-MARK 


D50 


D Send 


Coste! 


Why pour money into 
expensive machining 
operations? 


POWDERED 
METAL 
PARTS 
can do the 
job for 
much less! 


Tough, intricate parts ready for assembly 
without further processing—at savings of up 
to 600% over identical machined parts! No 
wonder industry chooses Powdermet.* 

Low-cost PM parts are die-pressed to close 
tolerances, have excellent wearability, and a 
wide range of alloys are available—many 
exceeding the tensile strengths of mild steel. 
Through controlled porosity and electrical 
permeability, many special properties are 
achieved . . . such as oil-impregnation for 
life-time self-lubrication. That’s why 
Powdermet* parts are often the best parts pos- 
sible for gears, bearings, filters, etc. 

At Yale & Towne, years of experience and 
technological know-how in powder metal- 
lurgy back up every recommendation on PM 
parts for your particular application. 


The world’s most famous key 
. .. symbol of industrial leadership! 


1 

The Yale & Towne Manufacturing Company | 

Powdered Metal Products Division | 

9335 West Belmont Avenue 

Franklin Park, Illinois | 

C) Send information on PM parts for attached | 
| 
I 
i 
| 
l 
l 


Booklet specifications or drawings. 


D Have a Yale & Towne Powdered Metal engineer call on me. 


Product 


continued 


| (P-17) HARD FACIING—Mir-O-Col 
| Hard Facing, Inc, Booklet, 4 pp. De- 
| scribes the method of applying hard 
alloy metal to a low alloy steel base 
| at areas of wear. Hard facing alloys 

are applied to lineal, cylindrical or 

contoured shapes. Has illustrations of 
| various parts hard faced. 


(P-18) HARD FACING—Mir-O-Col 
Alloy Co., Booklet, 52 pp. A study of 
hard facing, its application, and wear- 
resisting qualities. A special section 
recommends specific hard facing rods 
for more than 1,000 pieces of equip- 
ment subject to impact and abrasion. 
Also discussed: effect of heat on met- 
als; what metals can be hard faced; 
and other data. 


(P-19) STAMPING MANUFACTUR. 
ERS—Pressed Metal Institute, Catalog, 
55 pp. Called “The Blue Book of 
Stamping Manufacturers,” this direc- 
tory lists the facilities and services 
of all member companies, and also a 
statement of policy to customers, sub- 
scribed to by all members. 


(P-20) ALUMINUM FABRICATION 
—Reynolds Metal Co., Booklet FP 
102-3/53, 24 pp. Covers the process 


of fabrication from the drilling stage 
of the ore through the washing, melt- 
ing, rolling, and final shaping. Has 


many illustrations showing various 
rollers, bending, pressing, welding, fin- 
ishing and heat treating equipment 
used. 


(P-21)  ELECTROLIZING — The 
Electrolizing Corp, Booklet, 14 pp. 
Defines electrolizing, and aids in serv- 
ing as a guide in helping to solve wear, 
| abrasion and corrosion problems. Has 
a question and answer section on elec- 
trolizing, gives case histories showing 
how wear of parts has been reduced. 


(P-22)  BERYLLIUM COPPER 

SPRINGS — Instruments Specialties 

Co. Inc. Catalogs 8 and 8A, 24 pp. 

Catalog 8 illustrates a wide variety of 
| custom-made beryllium copper springs 
used in electrical and mechanical ap- 
plication. Physical properties of beryl- 
lium copper are shown as well as many 
helpful suggestions on spring design. 
Catalog 8A describes a variety of beryl- 
lium copper components designed 
| specifically for use in the electronics 
industry. Complete engineering spe- 
| cifications are given for all items. 
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We're here to help you cut costs on 
Circular Welded Steel Products! 


Here at your service are not only our specialized facilities 


for the low-cost production of circular steel parts by the 
Cleve-Weld Process but also a wealth of specialized know-how. 
Our staff of engineers and metallurgists know, from 

nearly half a century of experience, how best to achieve 


maximum economies both in design and production. 


Rings, such as gear blanks and motor or generator shells, made 
by the roll-and-weld Cleve-Weld Process have greater 


strength and superior electrical characteristics because the 


grain of the metal runs radially. 
Another mË Product 


Whatever your needs are for production-quantity circular 
CLEVE-WELD PROCESS steel products, we'll gladly submit our suggestions and 
; proposals. Write—The Cleveland Welding Company, West 
paai n e rte 117th St. & Berea Road, Cleveland 7, Ohio. (Subsidiary 
of American Machine & Foundry Company) 
This illustrated brochure shows our facilities 


and describes what the Cleve-Weld Process 
is and does. Write for it. 
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"Simplicated" Case Histories 


Selected from among some 200 
manufacturers who have token the 
Titchener Test . . . 


Saves Manufacturer $4,015! 


Design of new portable stove sub- 
mitted to Titchener called for die- 
cast burner grate. Tool cost for die 
casting quoted at $3,000 — estimated 
unit cost, 30¢. Titchener designed 
simple wire grate. Tool cost, $235; 
unit cost, 25¢. Savings on first order 
for 25M — $4,015 


Wire Design Reduces Weight 75% 


The sheet steel motor mount shown 
at left was replaced by the Titch- 
ener-designed welded wire-and-strip 
assembly at right. Result: Weight 
reduced 75%. Costs reduced. Avail- 
ability of material improved. Appear- 
ance much improved. 


That's the sole objective of the Titchener 


Test: Te see whether a product—yours, 
for example—can be made simpler... 


lighter . . . cheaper. 
Here's How The TEST Works 


Say the design of your product includes 
a casting or forging, stamping, tubing or 
sheet steel part. You send prints or a 
sample of the part to Titchener. A group 
of wire-forming engineers studies it from 
all angles . . . function, design, cost. If 
they find that wire can do a better job 
thev'll submit drawings or a samp'e of the 
revised piece for your consideration. 
They'll also quote Titchener's low price 
for mass-producing the part. H they 
honestly feel wire can’t improve your 
product, they'll tell you that, too. 


The Titchener Test costs you nothing 
. imposes no obligation. It's un- 
biased and confidential. Merely send 


print or a sample . . . describe your 


wants in a covering letter. 


Send for FREE Handbook! 


"Use of Wire Construction 
in Product Design" 


An illustrated 20- 
page technical hand- 
book sent free to man- 
agement, production, 
purchasing and engi- 
neering men. Write 
for your copy. 


E. H. TITCHENER & CO. 


8 I Clinton St. 


Manufacturers 


Binghamton, N. Y. 


of Wire Parts for Over 65 Years 
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(P-23) FORGINGS, CASTINGS, 
DIE SECTIONS — Alleghany-Ludlum 
Steel Corp., Booklet FC4, 28 pp. Our 


| lines the forged shapes available, stain- 


less as well as tool steel, weight limits, 
and analyses. Also contains a guide to 
the uses and types of cast-to-shape tool 
steels. Chemical analyses and heat 
treating instructions are listed in detail. 
Information also on how to use and 
order composite die sections. Has 
many diagrams, cross-sections and 


| charts. 


(P-24) FRACTIONAL HORSE- 
POWER GEARS—Gear Specialties, 
Inc., Booklet, 6 pp. Shows the many 
types of small gearing available. In- 
cluded with illustrations are: armature 
shafts; spiral bevels; combination gear 
trains; spur and helical double reduc- 
tion; worm and gear; intervals; heli- 
cals; spurs; ratchets; spring loaded 


| and compound gears; bevels; and cams 


and ratchets. Included is a diametral 
and a circular pitch table. 


(P-25) LEVELING VIBRATION 
MOUNTS—Barry Corp., Booklet Dr- 
154-10, 4 pp. Describes and illus- 
trates the advantages of a new line 
of vibration isolation leveling mounts. 
They can be used on heavy machines 
without bolting or shims to give in- 
creased plant mobility, reduced main- 
tenance costs and lessening of the 
noise level. 


(P-26) GEARS—Automotive Gear 
Works, Inc, Catalog, 40 pp. Illus- 
trates and gives information on the 
major types of gear available. Those 
gears covered are: spiral bevel; hy- 
poid bevel; zerol bevel; straight bevel; 
straight and spiral angular bevel; fly- 
wheel ring; straight spur; spur and 
helical; spline shafts; and numerous 
gear assemblies. 


(P-27) SPRING HANDBOOK— 
Accurate Spring Mfg. Co., Handbook, 
40 pp. Contains much usable data and 
information. The sections are: spring 


| design, round wire extension and com- 


pression; design formulation, helical 
springs and compression springs; de- 
signing round wire torsion springs; 
load deflection tables; conversion for- 
mulas for types of ends; how to spec- 
ify compression, extension and torsion 
springs; and determining spring 
weight. Has many line drawings and 
other illustrations of spring types, con- 
figurations and applications. 
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new ideas come to life in plastics molded by General American 


How many 


wasn't pract 
At Geni ia Ym 
^ in pl stics. Hers 
shapes are molded 
reality for the first 
team up with colorful ni » possible. 


4 ` Y lo ti Va y sit TI ? I ) y Ë f ft aY $ 
For example s convevo elt rving ipie Dattery ot in 


American's pi ini es some ot the worid s larg t, most intr 


Here VoOlll 


ideas now with 


' ' 
aevelopment 


PLASTICS DIVISION 
GENERAL AMERICAN TRANSPORTATION CORPORATION 135 South LaSalle Street, Chicago 90, Illinois 


e Facilities unmatched anywhere: injection presses to 300 ounces, compression presses to 2,000 tons, reinforced plastics molding, die making, painting, assembly, packaging 





Thompson Precision-Engineers 
Light Metal Castings for 
All Industry 


HE machinist turning out pro- 

duction parts and the pilot 
flying the speedy jet fighter have 
one thing in common—both can 
count on Thompson. The factory 
worker’s machine and the pilot's 
jet engine are each improved by 
precision-engineered castings 
produced by Thompson’s versa- 
tile Light Metals Division. 

In the case of the fighter, it’s 
any one of several parts including 
the alternator housing that’s pro- 
duced by Thompson—with the 
factory machine, one of the parts 
manufactured by Thompson is the 
casting for the fluid clutch. 

These are but two of the many 
light, strong, durable castings 
designed, developed and manu- 
factured by Thompson for a diver- 
sified list of customer uses. Today 
Thompson is producing light 
metal castings for such products 
as buses and garbage disposers; 
washing machines and jet planes; 
automobiles and industrial en- 


D54 


gines; ice scoops and aircraft 
engines. 

Behind this ability to aid all 
forms of industry are over 50 years 
experience in research and manu- 
facture of precision metal parts. 
Regardless of your product, if you 
use castings, Thompson's creative 
engineers will gladly show you 
where and how you can simplify 
your operations and save on costs 
with Thompson Light Metals 
Castings. 

For a detailed description of the 
Thompson Light Metals facilities 
which are available to you, send 
for your free copy of “Creative 
Castings.” Just write to Dept. 
PE-6. Light Metals Division, 
Thompson Products, Inc., 2269 
Ashland Road, Cleveland 3, Ohio. 


You can count on 


LIGHT METALS DIVISION 
2269 Ashland Rd. * Cleveland 3, Ohio 
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(P-28) FLEXIBLE COUPLINGS — 
Lovejoy Flexible Coupling Co. Bul- 
letin 1009, 20 pp. Iliustrates a line of 
flexible couplings, giving specifications, 
dimensions, operating capacity, horse- 
power and rpm. Types described are 
the Type L one-piece spider cushion; 
Type C individual load cushions; Type 
H heavy-duty individual load cushions. 
Type CF flange-mounted; Type CIF 
hub mounted; and Type CQ, HQ re- 
movable jaw rings for radial removal 
or independent rotation. Also shows 
the various materials used for the 
cushions, has several charts and a 
horsepower-to-torque conversion table. 


(P-29) BERYLLIUM COPPER TUB- 
ING—Superior Tube Co. Booklet 
7-2, 9 pp. Contains the properties, 
applications and advantages of seam- 
les, and welded and drawn beryl- 
lium copper tubing, mechanical and 
physical properties, heat-treating pro- 
cedures, welding and brazing methods, 
pickling solutions, corrosion resistance 
tables, standard production limit tables, 
and tubing tolerances. 


(P-30) BEARING APPLICATION 
CHART—Thompson Industries, Inc., 
This chart was developed to permit 
engineers to evaluate their bearing 
functions with respect to 17 service 
requirements. Chart lists 17 basic per- 
formance and application elements to 
be considered in selecting bearings. 
Is designed so that various types of 
bearings may be listed and evaluated. 


(P-31) CAMS, CAMSHAFTS, & 
CRANKSHAFTS — The Meehanite 
Metal Corp. Bulletin 39, 12 pp. 
Well-illustrated booklet is devoted to 
the application problems solved by 
Meehanite cams, camshafts and crank- 
shafts. In addition it describes briefly 
the basic metallurgy and the important 
engineering properties of a few of the 
types of Meehanite metal widely used 
for such service. 


(P-32) PUSH-PULL CONTROLS — 
American Chain & Cable Co., Inc., 5 
booklets, 20 pp. Covers all types of 
push-pull controls, including: heavy 
duty hand-operated assembly; bracket 
type head controls (friction, ratchet, 
positioning and positive lock head); 
heavy duty micro control series; and 
standard assemblies. Has installation 
diagrams, construction features of each 
type, and graphs showing input load 
in relation to degrees of bend. 
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Designers - Manufacturers 
Purchasing Agents 


THE AICO PLASTICS APPLICATOR automatically selects the 
plastic material to provide any desired physical property 


THE AICO BOOKLET ON REINFORCED PLASTICS fully explains 
amazing new materials tells where to use them how 

are molded . . . gives their physical properties 

NEW BOOKLET ON AICO FACILITIES shows what to look for in se 
lecting a molder who is qualified to meet your product specifica 
tions and delivery requirements. 


Anyone or all of these valuable Aico Aids are FREE. Just attach 
coupon to your letterhead to get yours without obligation. 


AMERICAN INSULATOR CORPORATION 


New Freedom, Pennsylvania 
Send me the FREE Aico Aids checked. [_] Aico Plastics Applicator. 
[_] Aico Booklet on Reinforced Plastics. [_] New Booklet on Aico Facilities. A ME IN f € A N | N M U i AT 0 B 


NAME NEW FREEDOM, PA. t Since 1916 











COMPANY pu. 


TITLE a — 


> Pd 





MANY THINGS ARE BETTER BECAUSE OF AICO MOLDED PLASTICS 


There's a LAPEER 


Clamping Device to meet 
your every clamping need 


—unmatched for rugged use, 
dependability, speed and 
long service 


Exhaustive tests in laboratory and years of practical use 
have made these LAPEER devices the choice of the leading 
manufacturers for applications in drilling, grinding, welding, 
ond in all operations requiring fast and reliable clamping. 
Recognized os clamping engineers, we can give you much 
valuable assistance on any set-ups involving the clamping 
and holding of parts during processing. Let us help you; our 
engineers will gladly discuss your clomping problem ot 
your plant. 
Send for complete catalog. Templates (full, ha!f and quarter size) on request. 
Sales offices in principal cities 
KNU-VISE 
PRODUCTS 


| LAPEER MFG. CO. 


dO o alie 
3061 DAVISON ROAD LAPEER, MICHIGAN 
GLENDALE, CALIF 


WESTERN DIVISION — 422 MAGNOLIA 
CANADIAN DIV HIGGINSON ENGR HAMILTON, ONT 


D56 


~] CUSTOM MANUFACTURE 
OF SMALL PARTS 
@ Shafts, Staffs and Pivots and Special Pivot 
Steel, Heat-Treated and Metallographic 
Polished. € Tubular Products up to 3’ 
Diameter, it Flared, Swaged, Formed and 


Burr-Free Alloy or Silver Plated. € Screw 
M | Dr ' ' ] ' 


a 


í . ) 
Ka Thr ling md Kr 
* 


na 
ig 


ind j ° 


SERVICES FOR 
CUSTOMERS' PARTS 
e A Multitud f Serv 


for 
Or Ç 


i APPARATUS DESIGN SERVICES 
ln —" with t [ gn and Fabri 


at rt 


ENGINEERING ASSISTANCE ON ALL ITEMS 


"VVelton V. Johnson 


ENGINEERING COMPANY inc 
95 SUMMIT AVENUE SUMMIT, N 


Use the PRODUCT INDEX 
To Find Information 
On Hundreds of Products 


The PRODUCT 
alphabetically, 


INDEX lists, 
every advertised 
product, and gives you page num- 
bers of the ads. The Index starts 


on page 14. 


Another index (page 18) names 
all the companies whose products 
are advertised in the HANDBOOK, 
and tells you where to find their 
ads. 


For further data on advertised 
products, use the handy business 
reply cards following page 24. 
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— tanks Tor example: 


Modern equipment and advanced production techniques 
provide Scaife Company customers with quality pressure 
vessels at the right price . . . a price that helps you hold down 
the cost of the equipment you manufacture. 


Scaife engineering skill and ingenuity plus continuous research 
are available to work for you in supplying the most efficient 
pressure vessel for your application . . . a vessel from Scaife's 
broad line of standard units that fits exactly the operating 
standards of the equipment you manufacture. 


Rigid quality control practices are carried on throughout 
every step in the manufacture of Scaife pressure vessels. The 
result —volume production of uniform, quality cylinders and 
tanks precisely to the customer's specification. 


A history of more than 150 years of continuous operation 
provides evidence that Scaife Company has proved itself a 
dependable source of supply. 


Whether you require ASME Code, ICC, other code or 
non-code pressure vessels, for air, water or gases, Scaife 
Company is qualified to serve you. Send for more 
complete information on Scaife Pressure Vessels today. 


~ 


COM PANY 


MAKERS OF PRESSURE VESSELS AND DRAWN SHAPES 
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YOU CAN [IMPROVE 


YOUR PRODUCT 
through the «use og.. 


NON-FERROUS 
PLASTER MOLD 


PRECISION CASTINGS 


WIDE RANGE OF ALLOYS 


FOR MANY USES... 


HERE ARE 
A FEW 


NO. XX 
MANGANESE 
BRONZE 


ALUMINUM 
HIGH 
STRENGTH 


Gears and Impellers in a wide 
variety of Universal alloys. 


UNIVERSAL 


gives you such important 
values as — 


Smooth Surfaces 

Close Tolerances 

High Density 

Corrosion Resistance 
Uniformity 

Exceptional Physical Properties 


In addition to these values you can keep 
your machining and original tooling costs 
low. UNIVERSAL Castings are now being 
used in many original equipment applica- 
tions, such as by the electrical, automo- 
tive, appliance, aircraft, and marine in- 
dustries. 


A NEW HIGH STRENGTH CASTING PROCESS 
UNIVERSAL Castings patented method of 
low temperature pouring produces a ma- 
terial having a much denser structure than 
castings produced by ordinary methods. 
The unusually high strength developed in 
this material has caused it to be in great 
demand for use in Aircraft fuel pump im- 
pellers, torque convertor wheels, air com- 
pressor impellers, and many other highly 
stressed casting applications. Accurate de- 
tail and sections 1/32” thick can be pro- 
duced consistently. 


Write for our 
new catalog 
"The Key to 
Product 
Improvement.” 


5821 WEST 66th STREET 
CHICAGO 38, ILLINOIS 


Catalogs and Bulletins continued 


(P-33) METAL BELLOWS—Flexon- 
ics Corp. Catalog 140, 16 pp, and de- 
sign guide covers manufacture, design, 
applications and specifications for 
bellows available in stainless steel, 
monel, brass and other metals. 


(P-34) CAM CLUTCHES — Morse 
Chain Co. Catalog C12-54, 4 pp, de- 
scribes "Series 200" cam clutches for 
indexing, over-running and backstop 
machine drive applications. Applica- 
tion data, typical installation drawings 
and a complete table of specifications 
are given for seven models having 
torque ratings from 10 to 500 ft Ib 
and ground OD dimensions corre- 
sponding to standard 200 series ball 
bearings in nominal sizes from 11^ 
to 315-in. outside diameter. 


(P-35) SPROCKETS, FLEXIBLE 
COUPLINGS, HUBS — Cullman 
Wheel Co. Catalog, 16 pp, illustrated 
with photos and listings, sizes, prices 
and instruction data are given. There 
are also sections on uses, advantages, 
adaptability and flexibility of their 
interchangeable bushing system. 


(P-36) POWDERED METAL 
PARTS & BEARINGS — Chrysler 
Corp., Catalog B-44, 168 pp. Has com- 
plete data on Oilite parts, including: 
bearings; bronzes; iron; aluminum; 
machine parts; filters; cored and bar, 
strip and plate stock. Has many illus- 
trations; load rating charts of each ma- 
terial; tolerances and specifications; 
and size lists of the plain, flange, and 
thrust bearings, in various metals. Also 
has hints on machining and lubrica- 
tion of this metal. 


(P-37) FLEXIBLE SHAFT ACCES- 
SORIES—S. S. White Industrial Div. 
4 pp, Bulletin 5403 describes a line of 
aircraft accessories for use with flexi- 
ble shafts. Included are engineering 
drawings, dimensions and operating 
characteristics of mechanical screw 
jacks, pressure bulkhead fittings and 
flexible adapters. 


(P-38) BLOWER ASSEMBLIES — 
Viking Air Conditioning Corp. Book- 
let 564, 16 pp. Designed for use by 
manufacturers and designers of resi- 
dential heating and cooling equipment, 
it gives step-by-step information nec- 
essary to select the proper belt driven 
assembly to fit the design and capacity 
of a heating or cooling unit. Has 
many tables, curves, and illustrations. 
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Weldments offer many advantages... especially 
the opportunity for product re-design at a later 
date. A weldment design is never frozen! It is 
readily adaptable to technologicalimprovements 
and to changes dictated by competitive con- 
ditions. Years after a welded structure is com- 
pleted and in use, improvements can be made 
simply and inexpensively . . . often on the job, 


and involving a minimum of down time. 

Graver provides complete design, research and 
manufacturing facilities for weldments of all 
sizes and shapes...from the smallest weldment 
up to and including 50 tons. We solicit your 
inquiries: WRITE GRAVER'S WELDMENT 
DIVISION FOR A COMPLIMENTARY 
COPY OF BROCHURE: “WELDMENTS.” 


GRAVER TANK & MEG. CO. NC. 


NEW YORK 
DETROIT « 


* CHICAGO 
CLEVELAND * 


East Chicago, Indiana 


+ PHILADELPHIA + ATLANTA 
PITTSBURGH 


* FONTANA, CALIF, 
* HOUSTON * CATASAUQUA, PA. 


SAND SPRINGS, OKLA. e CASPER, WYO. + ODESSA, TEXAS « LOS ANGELES 


EDGE MOOR, DEL. « TULSA * SAN FRANCISCO 


GRAVER] ... Source for quality weldments 
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Destaco Toggle Clamps offer extreme flexi- 
bility in fixture design, being adaptable to your work-holding 
problems in every field of mass production. Whether you're 
drilling, reaming, milling, bonding, welding or assembling, you 
get more production, fewer rejects and lower tooling costs 
when you specify Destaco fast acting toggle clamps. 

Destaco clamps are precision made, with reamed bearing 
holes and hardened pins; series 210, 220, 228 and 240 now 
have full length hardened bushings, for years a feature of our 
heavier models. Eliminating elongated holes and sloppy action, 
Destaco gives you precision alignment and smooth, fast, 
powerful action—from the first part to the last. Fool-proof, posi- 
tive locking and release—no cams—and friction-relieving offsets 
in handles and links. Cold drawn solid bars, forged portable 
clamp jaws and handles. Many accessories for adapting to vary- 
ing fixtures and production. Pressures up to 4000 pounds. 


Call ovr stocking representative listed below for assistance with your tooling 
problem or ask for 36-page catalog describing over 45 models. 


ALABAMA MINNESOTA PENNSYLVANIA 
Dixie Type & Supply Co. Northern Mochinery & Supply Co. Poul J. Fleming & Son 
930 N. óth Avenue 2001 Washington Ave. S. 907 W. Wagner 
Birminghom 4 Minneapolis | Philadelphia 41 


ARIZONA MISSOURI TENNESSEE 
Norman S. Wright & Co. Ernst Machinery Co. Mr. Raiph Landrum 
2628 E. Washington 1606 Oak Street 1107 Granoda 

Phoenix Kansas City 4 Nashville 6 
H. O. Monahan Lewis Supply Co. 
umm t VIA Co 1007 Yale Avenue 477 S. Main Street 
° St. Louis 17 Memphis 2 


625 N. Alvorodo Street 
Los Angeles 26 NEW YORK TEXAS 





Norman S. Wright & Co. 
2779 Folsom Street 
San Francisco 10 


GEORGIA 
Pye-Barker Supply Co. 
231 Pryor Street, S.W. 

Atlanta 3 


ILLINOIS 
George A. Rieke Co. 
549 W. Washington Street 
Chicogo ó 
INDIANA 
General Supply & Tool Co, 
140 S. Senate Avenue 
Indianapolis 4 


KANSAS 
H-H Tool & Supply Co. 
111 W, 2nd Street 
Wichita 2 
MASSACHUSETTS 
F. H. Robertson Co., Inc. 
420 Broadway Avenue 
Malden 48 


Acme-Danneman Co., Inc. 
203 Lafayette Street 
New York 12 
Root-Neal Co. 

64 Peabody Street 
Buffalo 20 
Fink Tool Co. 

801 Meigs Street 
Rochester 20 
M. J. Kelly Supply Co. 
323 E. Water Street 
Syracuse 11 
OHIO 
F. N. Cuthbert, Inc. 
2909 Detroit Avenue 
Toledo 10 
Die Supply Company 
1400 Brookpart Road 
Cleveland 14 
Die Supply Sales Co. 
311 Vermont Street 
Dayton 4 
OREGON 
Norman S. Wright & Co. 
1932 S.W. Water Street 
Portland ! 


Tool Supply & Engr. Co. 
1901 Canton Street 
Dallas 1 
WASHINGTON 
Norman S. Wright 
125 S. Stevens 
Spokane 4 
Norman S. Wright & Co. 
233 Ninth Avenue, North 
Seottle 9 
WISCONSIN 
Triplex Supply Co. 
830 N. Third Street 
Milwaukee 2 


ONTARIO 
Williams & Wilson Ltd. 
11 Front Street, East 
Toronto | 
Williams & Wilson Ltd. 
1465 Tecumseh Bivd., E. 
Windsor 


QUEBEC 
Williams & Wilson Ltd. 
544 Inspector Street 
Montreal 3 


DETROIT STAMPING COMPANY 


320 MIDLAND AVE. * DETROIT 3, MICH. 





Catalogs and Bulletins continued 


(P-39) CAM FOLLOWER ROLL- 
ERS— Smith Bearing Co. Folder, 6 pp. 
Gives a detailed description of a ne. 
high capacity stud cam follower as 
well as the maker's regular type oi 
follower. Load and life ratings are 
given and specifications for both 
models are included. 


(P-40) FLEXIBLE STAINLESS 
STEEL TUBING — The American 
Brass Co, American Metal Hose 
Branch. Bulletin STC-1, 4 pp, has data 
on various types of construction, size 
and weight ranges, burst pressures, 
bending diameters and fittings avail- 
able for assemblies. 


(P-41) HEAVY DUTY CLUTCH— 
Lipe-Rollway Corp. Type DP Manual, 
12 pp, describes construction and op- 
eration of new direct-pressure dry-disc, 
push-type clutch for heavy duty service 
on off-the-highway vehicles, buses and 
trucks. Contains chart listing pressure 
spring and pressure plate data. Cut- 
away photos detail major clutch com- 
ponents. 


(P-42) STAINLESS STEEL WIRE— 
Allegheny Ludlum Steel Corp., Book- 
let, 20 pp. Has technical data on the 
application of stainless steel wire. Has 
tables of physical properties, corrosion 
resistance, and analysis are included. 
Discussion of uses include: cold head- 
ing, weaving, heat resisting belts, rope, 
spring wire, slide forming, welding, 
and winding. Completely illustrated. 


(P-43) SPLIT ROLLER BEARINGS 
—The Cooper Split Roller Bearings 
Corp. Bulletin, 18 pp. Illustrates and 
gives all engineering data on a line of 
split roller bearings available in the 
expansion or floating type, and the 
fixed or grooved-race type. Has the 
medium series in 1946 to 12 in. bore 
and radial loads up to 35,900 Ib; the 
heavy series in 11146 to 12 in. bore 
and loads to 62,300 Ib; and the extra 
heavy series in 334 & to 12 in. bore and 
loads to 108,400 Ibs. Has lubrication 
hints, and bearing selection data. 


(P-44) VIBRATION ISOLATORS- 
The Barry Corp., Bulletin 534, 8 pp. 
A technical description of vibration 
isolators of the knitted-wire type. 
Performance data are given from 
measurements made under JAN con- 
ditions. Also has: line, and cross- 
sectional diagrams; specifications; and 
many operation curves. 
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LOW COST = 
HIGH ACCURACY 


e Check any dimension or geometrical 
relationship 


Control feed of machine tools precisely 
Tolerance range .100" —.0001" 
Amplification range 62.5—5000 
Applicable with any air gage 

Bodies 3$" square or cylindrical 

Two lengths, 142” and 1%” 

Only one moving part 

Immediate delivery in quantity 

Low cost 


GAGE DIVISION, DEPT. 11, THE SHEFFIELD CORPORATION 
DAYTON 1, OHIO, U. S. A. 


4 4% 
CT 


YOUR PLUNJET 


SIGNED POSITION 
COMPANY — imijis STREET 


_ZONE__ 
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P FACTS ABOUT ATLANTALLOY 
R, PRECISION PLASTER MOLD CASTINGS 





One-piece cast ice cutter 
for York Corporation's 
Automatic Ice Maker re- 
placed fabrication of sev- 
eral stainless steel parts. 





Cast brush holder for 
General Electric aircraft 
generators lowered costs, 
provided closer tolerances 
and increased strength. 





Lever casting of Atlantal- 
loy #31 manganese bronze 
with tensile strength of 
100,000 psi for Sargent & 
Greenleaf’s manipulation- 
proof lock. 


Rugged skirt door operat- 
ing mechanism cast for 
Pennsylvania Railroad 
cars manufactured by the 
Budd Company. 






























810 Bloomfield Aver 


AN TLC 


* ATLANTALLOY PRECISION PLASTER MOLD CASTINGS * ATLANTALLOY PRECISION PLASTER MOLD CASTINGS * ATLANTALLOY PRECISION PLAST 






Today, ATLANTALLOY CASTINGS 
are used where precise dimensions and 
high physical values plus economy are 
essential. These unique precision plaster 
mold castings can improve your product 
design and reduce your costs: 


PRECISION — Meet precision machin- 
ing tolerances. Average limits, + .005 
on one side of parting line. Minimal or 
no machining or finishing. 


DESIGN — Compared with other tech- 
niques, this casting process makes 
possible the production of parts which, 
because of high physical properties, 
could not economically be produced by 
other means. Complicated assemblies 
requiring several machined parts can 
be cast accurately as one piece, including 
designs having internal teeth, stops and 
blind gear teeth. A wide range of 
Atlantalloys are available for your design 
needs. Chemical certification on request. 


EXCLUSIVE CASTING FEATURES — No 
gas formation when metal enters mold, 


and no ebullition of liquid metal. Self- 
venting molds yield to metal, cool slowly. 
Castings are practically stress-free with 
superior grain structure. Loose cores per- 
mit “impossible” designs. Finishes are 
exceptionally smooth and clean. 


ECONOMY — Major savings in machine 
work because of high finish, uniformity 
and accuracy. End costs below machined 
parts from rougher-type castings, even 
for limited volume runs. Greater savings 
for large runs. Time and material sav- 
ings since uniform castings always fit 
your jigs and fixtures without rejects. 
Tool life extended because castings have 
no blow holes, hard spots, or inclusions. 


SALES REPRESENTATIVES 
Middle Atlantic States — Beemer 
Engineering Co., 401 North Broad St, 
Philadelphia 8, Pa. 


New England — J. C. Tarbel Associates, 
Inc., 64 Park St., Springfield 2, Mass. 


More facts on “High Quality 
Precision Castings for Industry”. 
Write for your free copy! 


TS and ENGINEERING CORP. 


e Clifton N J e PRescott 9-2450 
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Catalogs and Bulletins continued 


(P-45) PERFORATED METALS— 
Diamond Mfg. Co. Catalog 39, 36 pp. 
Illustrates and describes a complete 
line of round, square, oblong, and 
ornamental perforation, ranging from 
0.02 to 9.5 in. in diameter. Gives hole 
sizes, open areas, gage limits, and other 
data for engineers and designers. Also 
illustrates modern industrial, architec- 
tural and ornamental applications. 


(P-46) BALL BEARINGS—Ahlberg 
Bearing Co. Catalog 442, 18 pp. Com- 
plete specifications for a line of ball 
bearings, including single 
gular contact; front 
row; self aligning, inch bore; and 
thrust bearings. Has illustrations of 
each type, plus a variety of informa- 
tive tables. 


row: an- 
wheel: double 


(P-47) ROTARY SEALS—The Ro- 
tary Seal Co. Booklet 2,552, 12 pp. 
Contains the basic principles of design, 
showing the construction and functions 
of the component parts of the seal. 
Some typical applications are illus- 
trated. Rotary seal assemblies range 
in size from 0.187 to 5.5 inches. 


(P-48) WOVEN WIRE CON- 
VEYOR BELTS — The Cambridge 
Wire Cloth Co., Catalog, 132 pp. Has 
complete engineering data and illus- 
trations on the many different types 
of mesh available in wire belts. Photos 
show application of conveyor belts in 
a variety of industries, with a sequence 
drawing given for each type of proc- 
essing. Has hints on the choice of 
metal for the belt and the belt section. 
Also has conveyor design hints, show- 
ing correct location of guides and sup- 
ports, with line drawings 
many typical layouts. 


showing 


(P-49) SPRINGS — Illinois Coil 
Spring Co., Bulletin, 8 pp. Has many 
illustrations of the wide variety of the 
coil and flat springs, and wire forms 
that are made. Compression, exten- 
sion, and torsion springs are available. 
Cold coiled springs from 0.005 in. to 
V5 in. round wire, and heavy hot 
wound springs of any size up to 1% 
in. dia. bars. 


(P-50) IRON POWDER PARTS— 
The National Radiator Co. Booklet, 28 
pp. Has actual production facts about 
mechanical parts fabricated from elec- 
trolytic iron powder. Curves show 
elongation, tensile, yield, and impact 
strengths. Also has data on tolerances, 
finish, production rates, and tools. 








J 4 roduction figures mean 
d of 116 feet per minute 
HERE 


— E AMERICAN ELECTRIC Fusion oru d — 
CHICAGO, iLL., U.S.A. (mwa lu I = 


A.E.F. WILL GLADLY DISCUSS FURTHER DETAILS WITH INTERESTED PRINCIPALS 
ADDRESS INQUIRIES TO 2600 DIVERSEY AVENUE, CHICAGO 47, ILL. 
AMERICAN ELECTRIC FUSION CORPORATION 





New A.E.F. Edge Trim- 
mer designed to obtain 
vniform widths of steel 
strip prior to entering 
the A.E.F. Tube Mill. 


HICAGO 47, ILLING 


Sound É Bon —first 


. Good peo 
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PRECISION INVESTMENT CASTING 


By ARWOOD 


Parts of Intricate Design Cast to Shape — 
Little or No Machining Required. Costly Assemblies Cast in One Piece. 


\ 4 PRODUCTION PLANTS | 


Brooklyn, N. Y. Groton, Conn. 

Tilton, N. H. Los Angeles, Calif. 

Each with complete Tool Room facilities Both large and small 

for producing patterns and dies. runs are economical for 
shapes dnd alloys not readily produced by 
other methods . 


^ NON-FERROUS FERROUS 


Aluminum * Magnesium Carbon Steel 
Brass * Bronze Low Alloy Steel 
Beryllium Copper Stainless Steel 


COBALT BASE ALLOYS EXPERIENCE | Thousands of intri- 


cate dies made for 
parts produced by ARWOOD are your as- 
surance of reliable and accurate castings. 


V QuaurY CONTROL | pv. 


| source for 
chemical, physical and radiographic-controlled in- 


| SERVICE | Resident sales engineers 
— = available in every indus- 


trial center of the country for consultation and 


vestment castings. 


engineering advice. 


SPECIAL FACILITIES *“°°°’: 


| 

| govern- 
ment approved heat treat facilities include a 
complete unit for carbon restoration. 


OL! 


PRECISION CASTING Corp. 
If you would like further information about the process 70 WASHINGTON STREET B’KLYN l, N. Y. 


write Dept. 68A for our booklet, 
“Alloy Selection and Design for Investment Castings.” Plants : Brooklyn, N. Y. - Groton, Conn. - Tilton, N. H. - Los Angeles, Cal. 
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There's no need to hunt far and wide for the information 
you want on structural parts made from nonferrous powders. 
Make use of the concise design and engineering data in 
"Facts About Pressed Brass Powder Parts". 


This manual is authoritative and unbiased (The New 


Jersey Zinc Company makes metal powders but not powder 


metal parts). It has 24 case histories of successful pressed 


powder applications and it covers all of the following topics 


as well: maximum and minimum sizes, practical shapes, 


physical and mechanical properties, precision and toler- 
ances, plating and other finishes, self-lubrication, produc- 


tion speeds, raw material and tool costs. Send for your copy 


now. 


-THE NEW JERSEY ZINC COMPANY. —. 


design for 
superior 
metal 


forming 


through 
*mecatorn 
spinning 


Market Development 


160 FRONT STREET, NEW YORK 38, N. Y. 


thimble size or turbos .. . 


When your design criteria include o circular cross 
section in almost any shape, control of thickness, 
unit strains and tolerances—or costs for less than 
5,000 pieces—Torngren’s semi-automatic *mecatorn 
spinning will serve you well. 


When extreme control of these factors is required, 
Torngren “mecatorn machines will give you the 
most optimum conditions available in the con- 
tract spinning industry—cost included. These all- 
hydraulic units are uniquely versatile; they can 
sheorform, gently nurse poper-thin stock, or 
bring 1⁄2” steel into plastic flow with considerable 
opposed tool pressures so that it may be handled 
like ordinary spinning stock 


Hydraulic *mecatorns spin more accurately and 
faster than ordinary hand methods—and novel 
low cost tooling methods make it the least ex 
pensive process 


Torngren offers the Eost's most comprehensive 
spinning facilities and engineering service; certi- 
fied Heliarc, largest annealing capacity and fab- 
rication facilities and current developments in new 
methods. 


New dota sheets C-7 and C-8 covering radome 
shield, and other information will be sent free on 
request to C. W. Torngren Company, Inc., 236 
Pearl Street, Somerville 45, Massachusetts 


TORNGREN METAL SPINNING 


Catalogs and Bulletins continued 


(P-51) BRONZE BEARINGS — 
Johnson Bronze Co., Catalog, 104 pp. 
A complete listing of standard stock 
sleeve bearings, with illustrations and 
specifications of each type. Types 
covered are: general purpose; cast 
bronze graphited; electric motor serv- 
ice bearings; and self-lubricating. Also 
discussing oil grooving; flanged bear- 
ings and bushings; double-flange 
self-aligning and spherical self-align- 
ing bearings; and plain cylindrical 
type. The last section is devoted to 
sleeve bearing design practice. 


(P-52) MINIATURE BALL BEAR- 
INGS—Miniature Precision Bearings, 
Inc, Catalog, 20 pp. Comprehensive 
design and application data on minia- 
ture ball bearings in sizes from 0.100 
in. OD to 0.375 in. OD. Covers: 
radial; angular contact; pivot; and 
thrust bearings. Each bearing is illus- 
trated, has cutaway views, a low-speed 
chart, and other specifications. Has 
section on design factors involving 
miniature bearings. 
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The booklet "Designing For Die Casting" will help you 
to get the most for your die casting dollar. Here—condensed 
into 64 pages of text and drawings—are the basic "do's and 
dont's" of designing specifically for this high speed method 
of production. In addition to chapters on each basic design 
consideration, this booklet has valuable information on the 
dies and the alloys used in die casting. Write for your 
copy today. 

While The New Jersey Zinc Company does not produce 
die castings, it does supply much of the zinc used in the 
die casting industry and will be glad to help any product 
engineer to achieve the maximum physical and economic 
advantages possible with zinc die castings. 


BESIGIIBG FOR DIE CASTING 


1953 «811109 


-THE NEW JERSEY ZINC COMPANY — 


Market Development 


-e 


HORSE HEAD PRODUCTS 160 FRONT STREET, NEW YORK 38, N. Y. 


(39) SEER RIC BAAS, WRITE FOR “THE STORY OF METAL SPINNING.” Find out how 
CLUTCHES— Warner Electric Brake engineers design for lower costs; how to use the Teiner experi- 

& Clutch Co. Bulletin No. 6158, 6 pp, mental shop and how Teiner provides all-gauge — all-metal — 
detains | illus percipe" any-quantity spinning for industry. Read about this spinning 
CSS anc isuXIAES win pnoto shop. now largest in the east and tops in scientific experimental 
graphs and engineering drawings the spinning. Ask for Brochure 54PE. 

replaceable face electric brakes and 

the bearing-mounted and  flange- 

mounted electric clutch couplings 

made in a range of armature hub and 


rotor hub bore diameters. 


(P-54) FAN ENGINEERING 
DATA—Hartzell Propeller Fan Ceo., 
Bulletin A-108, 16 pp. Contains much 
ventilation engineering information, 
including fan laws and formulas, terms 
and definitions, recommended veloci- 
ties for exhaust hoods, an air pressure 
conversion table, and charts covering 
duct resistance, entrance losses and rec- 
tangular equivalents of round ducts. 


(P-55) STEEL TUBING PROD- 
UCTS—Rochester Products, Booklet, 
12 pp. Devoted to the use, fabrication 
and physical properties of small diam- 
eter steel tubing. Applications from 
Flatirons to automobiles and farm ma- 
chinery are illustrated. Tables and data 
covering mechanical properties, diam- 
eters, tolerances, wall thicknesses and 
pressure tests for all steel tubing. 
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Power Transmission 





Gears by H. E. Merritt. 554 x 834 
in., 527 pp. Publisbed by Sir Isaac 
Pitman € Sons, Ltd., London, Eng- 
land. Available from Pitman Pub- 
lishing Corp., 2 West 45 St., New 
York, N. Y. $12.50. 


Written for engineers who design, 
make, or use gears, this third edition 
of a standard work approaches the sub- 
ject of gears and gear action from a 
general viewpoint. Coverage is similar 
to that of earlier editions: Gear classi- 
fication, principles and analysis of tooth 
contact, geometry and dimensions of 
main types of gears, the behavior of 
gears in service, and related topics. The 
new edition has been extensively re- 
written and rearranged, and includes a 
new chapter on special gear tooth 
forms and their applications. 


Gears for Small Mechanisms by W. 
O: Davis. 52 x 8⁄2 im. 157 pp. 
Published by N.A.G. Press, Ltd., 
London, England. $3.50. 


Both the designer and user of small 
mechanisms containing gearing will 
find this book of interest. It covers 
both theory and practice of the design 
of cycloidal gears and discusses in de- 
tail such problems as friction and 
efficiency of tooth action, design of 
gear cutting tools, and the production 
and testing of gears for watches, clocks, 
automatic control mechanisms and 
other devices and instruments. 


Measurement Techniques In 
Mechanical Engineering by R. J. 
Sweeney, Consulting Engineer. 6 x 
9 in., 309 pp. Published by Jobn 
Wiley & Sons, Inc., 440 Fourth Ave., 
New York 16, N. Y. $5.50. 


This book gives information on 
the measurement techniques com- 
monly used in performance testing 
of power equipment. In this field 
are included tests of engines, pumps, 
compressors and combustion and 
heat-transfer apparatus. The mechan- 
ical quantities that may need to be 


D66 


measured include length, area, time, 
speed, force, pressure, temperature, 
and fluid flow rates. Though the me- 
chanical engineer often has occasion 
to use electrical and chemical meas- 
urements, only the more common ap- 
plications of these methods in me- 
chanical engineering are discussed. 

The discussion of instruments covers 
their primary function of measurement 
and indication, and their function as 
signaling devices to automatic con- 
trollers. Since prompt and accurate 
measurement is one of the most im- 
portant factors in the accuracy of auto- 
matic control, the discussion herein is 
valuable to those engaged in control 
problems. 

For practicing engineers, the book 
is a guide to the selection and use of 
the required accuracy, with the mini- 
mum expenditure of time and money. 
In most cases, methods are described 
for the calibration of instruments by 
comparison with primary standards. 
The sources of error due to installa- 
tion are examined, and methods are 
outlined for the rough estimation of 
the possible magnitude of these errors. 


Lubrication of Industrial and Ma- 
rine Machinery based on a work 
by the late William Gordon Forbes. 
Second Edition. Revised by C. L. 
Pope, Lubrication Engr., Eastman 
Kodak Co., and W. T. Everitt, 
Lubrication Engr., Eastman Kodak 
Co. 6 x 9 in., 351 pp. Published by 
Jobn Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y. $6.50. 


The purpose of this book is to pro- 
vide a manual that may be used to 
explain the fundamental characteristics 
of conventional lubricants. It follows 
the scope and purpose of the original, 
but incorporates the addition of new 
material and revision of some practices 
stemming from developments during 
the past nine years. Some of the more 
common basic mechanisms, such as 
bearings, gears, pumps, compressors, 
have been explained in some detail. 

The topics are arranged in sequence, 
and basic principles are evolved in a 


manner calculated to avoid needless 
repetition. The first chapters deal with 
chemistry, refining, compounding, and 
specifications for lubricants. Also cov- 
ered are limitations to which certain 
types of lubricants can be extended. 
The second part explains the lubrica- 
tion requirements of the most common 
types of machinery. The concluding 
chapters give practical examples of how 
the knowledge gained may be applied 
to the lubrication of equipment. 

Typical chapter headings are: Dis- 
tillation of Lubricating Oils; Solid 
Lubricants; Additives for Lubricants; 
Greases; Synthetic Lubricants; Bearing 
Lubrication and the Formation of Oil 
Films; Ball and Roller Bearings; Hy- 
draulic Systems and Fluid Couplings; 
Reduction Gears; Heat Treating Oils; 
and Lubrication Engineering. 


Mechanical Power ‘Transmission 
Manual by Wm. A. Williams. 6 x 
814 in., 423 pp. Published by Con- 
over-Mast Publications, Inc., 205 
East 42 St., New York, N. Y. $6. 


This manual covers briefly but ade- 
quately the fundamentals of accelera- 
tion, power, and work governing the 
selection of power transmission equip- 
ment. It outlines the principles on 
which each piece of mechanical power 
transmission equipment functions, its 
performance characteristics, and types 
of drives to which it is adapted. 


ASTM Standards on Petroleum 
Products and Lubricants. 6 x 9 im., 
888 pp. Published by the American 
Society for Testing Materials, 1016 
Race St., Philadelphia, Pa. $6. 


This latest annual compilation con- 
tains 156 specifications, test methods, 
and definitions relating to petroleum 
and petroleum products, covering crude 
petroleum, motor and aviation fuels, 
lubricating oils, turbine oils, bitumi- 
nous materials, and other broad classi- 
fications. Much of the material in the 
previous edition has been revised and 
eleven new methods are included. 
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Torque Converters for Industrial Applications by M. J. Waclawek E 2 


Shaft Mounted Speed Reducers by Jackson Chung Mechanical 
Parts and Design 


Analysis 


Rubber Transmission Belts by Newell Perry 


Mechanisms for Adjusting Tension of Belt Drives by Joseph H. 
Gepfert E 


Toothed Belt Drives by Richard Y. Case 

Strength-Weight Ratios of Hollow Steel Shafts by Hans W. Smith 
Mechanical and Electrical Variable Speed Transmissions 

Basic Types of Variable Speed Friction Drives by Haim Murro 
Basic Types of Mechanical Clutches by Marvin Taylor 

Small Mechanical Clutches for Precise Service by Marvin Taylor 


Chart for Determining Load and Life of Ball and Roller Bearings 
by LeRoy S. Harris 
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Fig. 1—Torque converter and clutch assembly in ^ 
typical housing recommended for industrial applications. 


8 Bec: 
Clutch 


TORQUE CONVERTERS for 


M. J. WACLAWEK 


Project Engineer 
Borg & Beck Div. Borg-Warner Corp 


ALTHOUGH in the selection of torque 
converters for industrial applications 
the problems are different than for 
automotive application, many of the 
inherent characteristics of torque con- 
verters can be used with advantage in 
drives for industrial machines. 

One advantage obtainable with a 
torque converter is continually variable 
torque ratio, whereby the load can be 
accelerated smoothly up to speed with- 
out the necessity of shifting through 
intermediate stepped speeds. The low 
drag characteristic of a torque con- 
verter permits holding the load to the 
power source at all times. In applica- 
tions such as hoists, winches, and 
cranes, the torque converter can hold 
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a load suspended without racing the 
engine and slipping a clutch. 

Another advantage is the cushioning 
effect of the fluid in damping out 
engine torsional vibrations, thus re- 
ducing the variations in the stresses 
produced in parts of the driven ma- 
chine. Consequently, higher design 
stresses can be employed in machine 
and transmission parts with resultant 
higher loading or longer life for equal 
loading. In automotive applications 
of torque converters, less wear in gears 
and splines has been experienced and 
the capacity of many transmissions has 
been increased. 

The torque converter cushions shock 
loads during starting and sudden in- 
creases in load. An increase in load 
automatically increases torque ratio. 
With the output load completely 
stopped, a full converter stall ratio is 


maintained without stalling the engine 

A torque converter and clutch as- 
sembly in a typical housing recom- 
mended for industrial applications is 
shown in Fig. l. This Borg & Beck 
torque converter has a Warner gear 
pump that maintains a positive oil pres- 
sure in the converter. It is a three ele- 
ment regenerative type in which the 
fluid enters the impeller directly from 
the reaction stage. In leaving the re- 
action stage, the fluid has a forward 
direction thus giving the impeller less 
work to do. This design results in a 
high efficiency in both the torque 
multiplication stage and in the coupling 
range and still gives a reasonably high 
stall torque ratio. 

Because it is a hydraulic machine, 
the characteristics of a given torque 
converter will be the same under sim- 
ilar fluid flow conditions. The ratio of 
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Fig. 2—Typical performance curve 
of a torque converter. In this plot, 
one torque ratio curve and one 
efficieney curve serve a family of 


input speed curves. 
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Industrial A pp lications 


output speed to input speed deter- 
mines the direction of fluid flow be- 
tween the blades; thus the torque ratio 
and efficiency will be constant at each 
speed ratio, regardless of the torque 
input. Any variation of the torque 
input will affect the magnitude of the 
fluid flow, which in turn will vary the 
input speed. Because torque is a func- 
tion of the square of the speed the K 
factor, which is the input speed divided 
by the square root of the torque, will 
also be constant at each speed ratio. 

A torque converter has a certain 
constant torque ratio, efficiency, and 
K factor for each speed ratio. Know- 
ing these three quantities, the per- 
formance of the torque converter in- 
stallation can be accurately computed 
for all loads and input conditions. 

A typical performance curve of a 
torque converter as supplied by the 


manufacturer is shown in Fig. 2. This 
manner of presenting data is preferred 
by engineers working on converters 
because the torque ratio and efficiency 
are always the same at a given speed 
ratio, regardless of the input speed 
Or input torque. One torque ratio 
curve and one efficiency curve serve 
a family of input speed curves. 

By interpolating between the curves 
shown, an input speed curve for other 
torque values can be plotted. But, 
since engine torque varies with engine 
speed, this is not a particularly con- 
venient form of curve for selecting a 
torque converter that is best suited for 
the performance of a particular engine. 
Neither is this the best curve for ve- 
hicle builders and application engi- 
neers, because to get the output speed 
for each reading, it is necessary to 
multiply the input speed times the 
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speed ratio. Another form of curve 1s 
more convenient for such use 

Data similar to those plotted in Fig 
are plotted in Fig. 3 against output 
speed instead of speed ratio. This plot 
gives a more visualization of 
performance in a vehicle. Output speed 
can be converted to vehicle speed for 
any particular application and can be 


) 


d irect 


marked off along the base ot the grapli 
for direct reading 

On the curve of Fig. 3, it is apparent 
that torque ratio increases with input 
output or vehicle 


torque at a given 


speed. This characteristic is the chiet 
advantage of a converter in 
flexible performance under 
load conditions For example: at 
1,000 rpm output speed, the torque 
ratio can be varied from 1 to 1 at 45 lb 
ft engine torque to 1.50 to 1 at 200 
lb ft engine torque, giving in increase 
in output torque from 45 lb ft up t 
300 Ib ft by increasing the throttle 
enough to maintain this speed. Fur 


giving 
varying 


load sh« uld 


to 400 rpm, 


incre ased 
I 


1 54y 


thermore, if an 
slow the output speec 
the torque ratio will further increase 
to 1.89 to 1, giving 3578 lb ft output 
torque at 200 Ib ft engine torque 
[Ihe most convenient representation 
of torque converter characteristics for 
vehicle builders and industrial applica 
tion engineers is shown in Fig. 4. By 
plotting curves of constant torque ratio 


$ 


and speed ratio on co-ordinates Ol 
input 
engine torque Curve 
on the 


values without interpolation 


versus input speed, any 


torque 
can be drawn in 


Same co-ordinates tO exact 
Inter 
sections of the engine torque curve 
with the converter performance curves 
when followed diagonally to the top 
scale, give converter torque and speed 
ratios. Intersections when followed 
down a vertical line to the bottom scak 
give the engine input speed 

Converter output torque is then ob 
tained by multiplying the input or en- 
gine torque by the torque ratio value 
indicated on the chart. Converter out 
put speed is obtained by multiplying 
the input or engine speed by the indi 
cated speed ratio value. Efficiency of 
the torque converter is the product of 
the torque ratio value and the speed 
ratio value. 

The effect of a governor can also 
be shown on this chart 

Speed ratio and ouput speed curves 
of two converters having similar torque 
ratio characteristics but widely varying 
input speed characteristics are shown 
in Fig. 5. These curves illustrate the 
importance of not only the 
ratio but also of the K factor when a 
converter application is considered. 

These curves show that even though 
it is the same at a specific speed ratio, 
the torque ratio varies considerably 
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torque 





when plotted against output speed. The 
reason for this behavior is that the 
higher engine speed at any speed ratio 
will produce a higher output speed, 
and the difference in output speeds be- 
comes larger as the speed ratio 
increases. 

The right hand curve of Fig. 5 
shows that at an output speed of 
1,830 rpm, converter B is at 1 to 1 
torque ratio, while converter A still 
has 1.07 multiplication. Part of this 
gain can be lost, however, if a low 
speed engine is used. 

Efficiencies obtainable in the present 
stage of development of three ele- 
ment torque converters for various 
stall torque ratios are shown in Fig. 6. 
The curve graphically illustrates the 
sacrifices that must be made in both 
the coupling efficiency and the maxi- 
mum coverter efficiency as the stall 
ratio increases. Where high torque 
ratio converters are used, the usual 
practice is to lock the converter when 
it comes out of multiplication and 
thus avoid the high slip losses. 


Selecting an Engine to 
Match Converter 


In selecting a torque converter for 
an application, the equipment builder 
is often handicapped by having an 
engine the characteristics of which 
were thought to be desirable before the 
converter was added. The lugging 
ability shown in Fig. 7 of the low 
speed engine B had been highly valued 
because the torque increases where 
more load is encountered, resulting in 
less tendency to stall out and less need 
for downshifting. With a torque con- 
verter between the engine and the load, 
this engine cannot stall out and cannot 
even be loaded down to the speed of 
its best torque. 

As seen from its torque-speed 
curve, the high speed engine A sacri- 
fices some torque at stall, but has its 
best torque within the operating range 
of the converter and delivers more 
horsepower than engine B for the same 
displacement. 

Curves of output torque versus out- 
put speed of the converter with en- 
gines A and B of Fig. 7 are shown in 
Fig. 8. The high speed engine A 
shows a considerable advantage because 
the gain in output torque occurs in a 
speed range where the engine will do 
most of its operating. 

The importance of choosing the cor- 
rect Capacity torque converter is shown 
in Fig. 9. Here is shown the perform- 
ance of three different size engines 
each using the same converter. Each 
engine has its own governor speed, 
the largest engine having the lowest 
speed and the smallest engine having 
the highest speed. Although gov- 
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Fig. 3—Performance curve of a torque converter 
in which data are plotted against output speed. 
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. 4—Curves of constant torque ratio and speed ratio 
plotted on co-ordinates of input torque and input speed. 


ernor speeds vary considerably among 
engine manufacturers, each manufac- 
turer generally has the largest engine 
governed at the lowest speeds. 

The curve marked “Stall Point” de- 
notes the maximum torque ratio of the 


converter and occurs when its output 
speed is zero. The curve marked 
“Clutch Point” is the point where the 
torque ratio of the converter becomes 
one and it starts acting as a fluid 
coupling. Between the two curves there 
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Fig. 7 — Performance 
curves of two engines com- 
pared with the perform- 
ance of a torque converter. 


Input torque, ib ft 


is torque multiplication, starting with 
maximum ratio at stall and gradually 
diminishing until it becomes one at 
the clutch point. 

Engine A is too large for this con- 
verter because the maximum engine 
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Fig. 5 Above—Speed ratio and 
output speed curves of two 
converters that have similar 
torque ratio characteristics but 
that possess widely different in- 
put speed characteristics. 


Fig. 6 Left — Effect of in- 


creasing stall torque ratio on 
the efficiency of a typical three 
element torque converter. 
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torque will never be utilized as it 
occurs at a speed lower than the stall 
speed of the converter and the governor 
starts to diminish engine torque while 
the converter is still multiplying its 
torque, which means that the converter 
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input torque will be less than what the 
engine is capable of supplying at its 
governed speed. 

Engine B is near the optimum size 
for this converter. Here the engine 
torque peaks at the stall point of the 
converter and the governor starts acting 
beyond the clutch point of the con- 
verter, so that governed engine speed 
is well within the coupling range of 
the converter. 

Engine C is probably too small. 
The torque converter has too low a 
stall speed for most applications and 
comes out of torque multiplication too 
soon. The curve shows that multipli- 
cation occurs between 1,000 to 1,500 
rpm engine speed; and from 1,500 to 
2,400 rpm engine speed, the converter 
output torque is equal to the engine 
torque. 

Output torque curves for the same 
torque converter when driven by each 
of the same three engines are plotted 
in Fig. 10. With engine A, it is evi- 
dent that the torque converter performs 
best when the engine speed is not 
governed. When the speed of engine 
A is governed at 1,800 rpm, the gov- 
ernor starts to act while the converter 
is in its torque multiplying stage, and 
as shown a large portion of the torque 
converter potential is lost. When 
governed, engine A gives more output 
torque without a converter than with 
a converter in the range between an 
output speed of 1,250 rpm and the 
governed speed. 

The output curve of engine B gives 
an optimum utilization of the potential 
capacity of the torque converter. But 
to get the same output speed with 
engine B as is obtained with engine A, 
since the engines are governed at 
different speeds, the output gear box 
ratio must be increased by the amount 


2100/1800 — 1.167 


With the increased gear box ratio, 
the output torque at stall obtained with 
engine B will be 


318 < 1.167 = 371 bb fe 


as compared with 440 Ib ft for engine 
A. In the operating range, engine B 
because its governor setting is higher 
will run faster than engine A. Thus, 
the operating efficiency of engine B 
will be higher because the torque con- 
verter is ii: the coupling range at this 
point, and coupling efficiency increases 
with engine speed. 

It is seen that the much smaller 
engine B will almost equal the stall 
performance of engine A and surpass 
it in the operating range. 

The engine C is considered too 
small for the torque converter shown 
in that it gets out of ratio too soon. 


Although the coupling efficiency is 
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Fig. 8 Left—Output torque 
at different output speeds of 
a converter when driven by 
two different engines. 


Fig. 9 Right—Performance of 
three different size engines 
compared with the perform- 
ance of one converter. 
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Fig. 10 Left—Output torque curves for a torque convert- 
er when driven by each of three different size engines. 


very. good at the governed speed, it is 
usually desirable to have torque multi- 
plication over a larger range of output 
speeds 

Realizing the need for higher speed 
with and 
knowing that there are more industrial 
engines commercially available than 
there be- 
comes doubly important that the cor- 
engine be selected in order to 
realize the biggest advantage of a 
torque converter application 


engines torque converters, 


are torque converters, it 


rect 


Oil Supply 


For best performance, the working 
fluid of the torque converter should be 
under prevent Cavitation 
and to produce circulation. Cavitation 


pressure to 
causes loss of efficiency, is noisy, and is 
destructive to the blades 

Although torque converter 
manufacturer uses the differential of 
head in the converter to obtain a nat- 


one 


ural circulation, most torque converters 
produce a positive charging pressure, 
which in most units is usually about 50 
psi, by one means or another. 
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The 


oil to 


most common way of supplying 
the converter is with a pump 
driven by the impeller hub. Where 
length is a limitation, the pump is set 
below the torque converter center line 
and is driven off the impeller hub 
through a chain drive or gears. 

Another method of charging the 
torque converter, which has recently 
been announced by Chrysler Corpora- 
tion, is the use of engine oil pressure. 
This idea seems good if a detergent oil 
and good filters are used to avoid de- 
positing dirt and sludge in the con- 
verter by centrifuge action. 

Many industrial vehicles have high 
capacity oil pumps for operating auxil- 
iary equipment. Oil supplied by such 
hydraulic systems could be used also 
to pressure charge the torque converter 
At one time, the torque converters in 
General Motors diesel driven buses 
were charged with oil pumped directly 
from the fuel tanks. 

The best means for fluid circulation 
in an industrial installation will vary 
with application. Although some en- 
gine manufacturers frown on the idea 
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Temp. Rise Deg. F Above Ambient 


Fig. 11 Right—Heat dissipating capacity at different input 
speeds for a 1134 


in. converter having 68 aluminum fins. 


of using engine oil to charge a con- 
verter, it has been found that space 
limitation is a problem with many 
industrial equipment builders and there 
is little room for a pump. 


Adequate Cooling 


The problem of oil cooling will 
probably be more prevalent in indus- 
trial applications than in automotive. 
The Borg & Beck torque converter has 
68 aluminum fins on the outside of the 
impeller, which circulate outside air 
around the converter and dissipate 
the heat developed during all normal 
driving. It is reasonable to expect, 
however, that there are many indus- 
trial applications where this con- 
verter would not get sufficient cooling 
unless other or additional means were 
provided. In Fig. 11 is shown the 
heat dissipating capacity curve of the 
Borg & Beck 1134-in. torque con- 
verter. An outside heat exchanger 
connected to the engine cooling water 
is the method most widely used to pre- 
vent overheating of the oil. 


Engineering — 1955 Annual Handbook 





E POWER TRANSMISSION 


Fig. 1 —Parts of a shaft mounted drive in which 
a drawn steel housing forms an oil reservoir. 
Main frame, bearing plate, bearings, gears, and 
tie rods are independent of the housing. 
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THE VERSATILITY and compactness of 
the shaft mounted speed reducer are 
probably the two most outstanding fea- 
tures that have contributed to its rapid 
acceptance by industry. No foundation 
or framework is required to install 
these reducers since they are mounted 
directly on the shaft extension of the 
driven machine. The motor and drive 
can be located to suit either or both 
space limitations and maintenance lo- 
cation requirements. 

Shaft mounted speed reducers are 
produced in a range of sizes. Inter- 
changeable bushings for each size make 
it easy to adapt the output hub of the 
reducer to any standard shaft size. Be- 
cause a standard motor size and a 
standard V-belt drive are commonly 
used with the drive, the complete drive 


unit makes a convenient "off the shelf" 
package that can be readily obtained 
from distributors stocks. Thus the 
shaft mounted speed reducer offers a 
practical method of obtaining speed 
reduction where a standard motor is 
used and a low output speed is re- 
quired. 

The combination of several standard 
motor speeds, numerous V-belt drive 
ratios, and the standard gear reduction 
ratios currently available cover a range 
of output speeds from 7 to 420 rpm 
and a range of capacities from 2.2 
to 39 hp at 100 rpm output speed. 

Because of this compactness, the 
drive can be installed on portable 
equipment where space is at a pre- 
mium. Since the reducer requires no 
foundation, it can be mounted on a 
high structure or near the floor. It can 
be mounted on vertical as well as hori- 
zontal shafts. 

The development of shaft mounted 
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speed reducers has extended the appli- 
cation of V-belt drives to slow speed 
machines; thus utilizing in this field 
the advantages of small space, low cost, 
and high efficiency inherent in V-belt 
drives at high belt speeds. 

In its construction, the shaft mount- 
ed speed reducer is essentially a gear 
reduction unit of single or multiple 
reduction stages assembled in an oil- 
tight housing. The low speed or output 
shaft of the unit, however, is machined 
with a bore for mounting directly onto 
the shaft of the driven machine. To 
drive the unit, a V-belt sheave or other 
wheel is mounted on the input shaft 

To prevent the housing from rotat- 
ing, it is anchored by a torque reaction 
member to a suitable rigid support. 
Since the housing if free would rotate 
in a direction opposite to that of the 
shaft of the driven machine, the di- 
rection of the driven shaft and the 
position of the fixed reaction member 
determine whether the load on the 
reaction member is tensile or compres- 
sive. This reaction member load is pro- 
portional to the torque transmitted to 
the driven shaft. 

The helical gears in the reducers 
are designed and rated in accordance 
with AGMA standards. Either ball or 
roller bearings are employed to take 
axial and radial loads. All gears and 
bearings are splash lubricated. Both 
rubbing and labyrinth types of seals 
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Fig. 2——Concentric type of shaft mounted 
speed reducer, in which the drive sheave 
shaft are on the 


American Pulley Company 


shaft and the driven 
same centerline. 
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Fig. 3—Parallel shaft type of speed 
reducers.— (A) Single reduction gear 
reduction gear 
Dodge Manufacturing Corporation 
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are used, depending on the manufac- 
turers preference. 

In the unit shown in Fig. 2, the 
driven shaft and the drive shaft are 
concentric, and the gear train is of 
the double reduction type. The speed 
of the drive sheave is reduced through 
two trains of single helical gears. A 
total reduction of 20 to 1 on the driven 
shaft is obtained with a high speed 
pinion, a high speed gear, a counter- 
shaft pinion, and a low speed gear. The 
concentric type speed reducer is also 
made with a total reduction of 13 to 1 
in a range of horsepower ratings. 

In the units shown in Fig. 3, the 
driven shaft and the drive shaft are 
parallel. The sectional views shown in 
Fig. 3 are elongated to show the de- 
tailed construction of the gear train 
and its support. The true center to 
center distance between the input and 
output shafts is about a half of that 
shown. Parallel shaft types of shaft 
mounted speed reducers are made in 
both single reduction and double re- 
duction gear train arrangements. Single 
reduction types are built in reduction 
ratios of 4 to 1 and of 5 to 1 ina 
range of horsepower ratings. Double 
reduction types are built in reduction 
ratios of 11 to 1, 14 to 1, of 15 to 
1, and of 20 to 1 in a range of horse- 

)wer ratings. 


All shaft mounted speed reducer 


units have fixed speed ratios. Adjust- 
able speed sheaves, however, can be 
used with them to obtain speed varia- 
tions of as much as six to one. 

As auxiliary devices, torque limiting 
or overload releases can be used in 
combination with the torque reaction 
member to protect the reducer and the 
driven machine from damaging over- 
loads. 

The overload release shown in Fig. 
Á consists of a plate pivoted on the 
unit end of the torque arm that snaps 
over a stud connected to the reduction 
unit housing. This plate is restrained 
from movement by a spring loaded 
plunger while the load is within the 
designed torque rating of the installa- 
tion. When this torque is exceeded, 
the plunger is depressed and the plate 
pivots on the torque arm thus permit- 
ting the torque arm to fall free and 
the reduction unit to revolve without 
driving the driven shaft. 

The overload release shown in Fig. 
6 is installed between the anchor ful- 
crum and the turnbuckle of a torque 
arm tie rod. This release is calibrated 
for adjustment to the conditions of 
any drive; it can be set to act at any 
desired load up to the capacity of the 
reducer unit. The force exerted by an 
excessive torque causes a spring loaded 
piston rod to move lengthwise. A 
slight movement of the piston rod op- 


erates a limit switch that cuts off the 
current to the motor. Further move- 
ment of the piston rod shortens the 
effective length of the torque arm and 
loosens the belts. 

When the overload release shown in 
Fig. 6 is used, the direction of the ro- 
tation of the shaft of the driven ma- 
chine and the location of the torque 
arm must be such that when the re- 
lease is tripped the belts are slackened. 
This requires locating the drive so that 
the housing of the reducer can rotate 
in a direction opposite to that of the 
driven shaft. 

When service conditions require a 
device to prevent reverse rotation of 
the driven machine, internal back- 
stops can be installed on the input 
shaft of the speed reducer. One design 
of internal backstop is shown in Fig. 
5. External backstops to serve the same 
purpose, of course, can be put on the 
driven machine. Backstops are actually 
one-way clutches inasmuch as they will 
permit the shaft to rotate in one direc- 
tion but never in reverse. Therefore, 
when a backstop is required, it should 
be installed to conform to the direc- 
tion of rotation desired. 

To prevent imposing excessive over- 
hung loads on the input shaft that 
could be caused by belt pull, manufac- 
turers list the minimum pitch diam- 
eter of the V-belt sheave that may be 
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Fig.4 


Backstop on 
input shaft 


5—A roller clutch 
backstop. Rotor is keyed 
to the input shaft. Outer 
race is keyed to the hous- 
ing. 


Fig. 4—Pivoted plate 
with a spring loaded 
plunger type of over- 


load release. 
American Pulley Company 


George P, Dorris Company 


Limit switch 
Fig. 6— Torque arm overload release 


with limit switch to cut off current to 


motor. Trip point can be adjusted. 
Dodge Manufacturing Corporation 
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mounted on the input shaft. The mini- 
mum diameter varies with the size and 
design of the reducer unit and its 
horsepower rating. 

In concentric type shaft mounted 
speed reducers, the largest single over- 
hung force acting on the driven shaft 
is the reaction force of the torque arm. 
The torque arm, however, can usually 
be placed in a position so that the 
resultant force from belt pull and 
torque arm force is small enough to be 
neglected. 

In both types of shaft mounted speed 
reducer, the best position for the 
torque arm is at right angles to a line 
between the point of attachment of 
the torque arm to the reducer and the 
center of the output shaft. 


Selection of Reducer and Drive 


Selection of a shaft mounted speed 
reduction drive for a given application 
requires the following information: 
(1) Prime mover rated horsepower 
and speed; (2) Desired speed of in- 
put shaft of driven machine; and (3) 
Service classification of driven ma- 
chine. With this information, the cor- 
rec. size of reducer and V-belt drive 
can be readily obtained from manu- 
facturer's selection tables. 

In designing equipment to incorpo- 
rate shaft mounted reducers, provisions 
must be made for (a) space to be 


occupied by the unit; (b) accessibility 
for checking oil level and for changing 
oil; (c) proper shaft length on which 
to mount the reducer; and (d) attach- 
ment of torque arm to an anchor sup- 
port. 

The space requirements are little 
more than that for standard V-belt 
drives. Shaft length required depends 
upon the design of the speed reducer 
selected. Most speed reducers are 
mounted with the shafts in a horizontal 
positions. Some applications, however, 
make a vertical mounting desirable. 

As a tule, this type of reducer is 
driven through a V-belt drive directly 
connected to a standard speed motor. 
With this arrangement, the output 
speed of the reducer can be readily 
changed by simply changing the V-belt 
pulley ratio. Or instead of using con- 
ventional pulleys, a variable pitch 
sheave or sheaves may be used to per- 
mit frequent variations of reducer out- 
put speed. 

With parallel shaft reducers, torque 
reaction members of the turnbuckle 
type can be used to adjust the belt 
length to new centers when the pulley 
ratio is changed. When the belts are 
to be tightened by the torque arm, the 
drive should be at about 90 deg to a 
line between the centers of the input 
and output shafts of the reducer. 

When a torque reaction member is 
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long in comparison with its cross sec- 
tion, it is advisable to check to make 
certain that the magnitude and the di- 
rection of the load imposed on this 
member is within safe limits, especial- 
ly when the load is compressive. 
With concentric shaft reducers, the 
motor should be mounted on a sliding 
base or a pivoted cradle base to obtain 
correct belt tension as required by the 
load or by a change in pulley ratios. 


Installation and Maintenance 


Installation of a shaft mounted speed 
reducer drive unit is relatively simple. 
The reducer is slipped onto the driven 
shaft of the machine and locked in 
place with a collar on each side, the 
driven wheel of a suitable drive is 
mounted on the input shaft of the 
reducer, and the driving wheel is 
mounted on the motor shaft. The 
chain or belts are then installed and the 
torque reaction member is attached to 
the reducer housing and to an anchor 
support. Thus it can be seen that a 
shaft mounted reducer avoids the need 
for a reducer foundation or base plate 
and the necessity of precision align- 
ment of shafts. Maintenance is no more 
of a problem with shaft mounted speed 
reducers than it is with other types of 
reducers.The only maintenance atten- 
tion required is that of changing the 
lubricating oil periodically. 

E? 





To insure long life of rubber transmission belts, use these charts to select—Size of pulleys. . . 


Table I—Starting Service Factors for Common Motors 


ELECTRIC MOTORS 


A-C 


Squirrel Cage 


APPLICATIONS 


que, 
compensator start 


| Normal torque, 
| Wound rotor, 
(slipring) 


! High torque 


| Normal tor 
line start 


| 
I 
l 


COMPRESSORS 
Centrifugal 
Rotary 
Reciprocating 

Three or more cyl 
One or two cyl 


~ 
+ + 


-- 
Un p 


FANS & BLOWERS 
Centrifugal 
Propeller 
Induced draft 
Positive-displacement 
blowers 
Exhausters 


PUMPS 
Centrifugal 
Gear 
Rotary 
Reciprocating 
Three or more cyl 
One or two cyl 


TEXTILE MACHY 
Spinning frames 
T wisters 
Looms 
Warpers 
Reels 


LINE SHAFTS 


GENERATORS & 
EXCITERS 


From Textile World 


ENGINES 


D-C Gas 
and 


diesel 


Synch. single phase 


| 
| 
| 


ulsion and 
4 or more cylinders 
above 700 rpm 
Line shafts and 
clutch starting 


| split phase 


| 
} 
| 
| 


| Compound wound 


| Normal torque 
| Shunt wound 


| i 
| High torque 


— — 
+ + 


— 
Uu e 


2.0 | 1.4 | 1.4 | 1.4 | 1.4 
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Table II —Number of Plies in 
Standard Belt Widths 


Inter- 
medi- 

ate WP 
plies | value 


Inter- 
medi- 
ate 
plies 


Maxi- 
mum 
plies 


Mini- 
width, mum W P 
in. plies | value 


WP 


value 


6 
4 
12 
20 
24 


32 


@% @ @ @ @ + 


40 
60 
70 
80 
90 
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Table III—Pulley Diameters 
Various Plies 


Pulley diameter, in. 


Rubber 
belt-fabric 
weights 


28- and 32-oz 
soft duck 


Silver 35-oz 
hard duck 


Mini- 
mum 


Mini 
mum 


Number 


of plies Normal 
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Rubber Transmission Belts 


NEWELL PERRY 


Flat-Belting Engineer, Thermoid Company 


PROPER SELECTION of a rubber trans- 
mission belt begins with a determina- 
tion of the maximum horsepower that 
is to be transmitted by the belt. Selec- 
tion ends with a description of the belt 
in terms of width and number of plies 
of fabric. To obtain maximum service 
life, these factors must conform to the 
practices of good belt proportioning. 


HORSEPOWER CONSIDERATIONS. The 


E10 


maximum belt horsepower capacity te- 
quired usually can be approximated by 
multiplying the nominal rated horse- 
power of the driving unit by a service 
factor. In Table I are given starting 
service factors for different types of 
motors and engine driving units, such 
that where 


F =service factor from Table I 
H y =nominal rating of driving unit, 
horsepower 
H g =required capacity of belt, horse- 
power 
Hs= Hy F (1) 


The horsepower capacity of a belt 
depends on the width of the belt, the 
number of plies of fabric in the belt 
construction, the nominal weight of the 
fabric, the belt speed, and the angle of 
belt contact on the smaller pulley, or 

Where 


W =belt width, in. 
P =number of fabric plies in belt 
K =horsepower capacity per inch of 
belt per ply for the fabric 
selected at the calculated belt 
speed and angle of belt contact 
Hg= KWP (2) 
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Belt speed, ft. per min 


Fig. 1—Horsepower capacity chart that relates belt speed, angle of belt 


contact, 


and weight of fabric with permissible horsepower per inch of 


width per ply for rubber transmission belts. 


BELT WIDTH AND NUMBER OF PILES. 


By transposing Eq (2), 


WP-Hs/K 
or P=H,/WK 


(2A) 
(2B) 


From data known or proposed, de 
termine the value of K for substitution 
in Eqs (2A) or (2B). If belt width W 
is known, as on an existing installa- 
tion, the number of plies P can be cal- 
culated directly from Eq (2B). Since 
pulley size is determined by the proper 
belt, however, problems on new in- 
stallations, or checks on old, should be 
approached through Eq (2A) to arrive 
at proper widths and ply selection. 

The chart in Fig. 1 gives values of 


K that are the maximum permissible 


horsepower that should be transmitted 
per ply per inch of belt width based 
on nominal weight of fabric, angle of 
belt contact on pulley, and belt speed. 


EXAMPLE. Determine K the permis- 
sible horsepower capacity per inch 
width per ply for a rubber transmission 
belt constructed with 35 ounce fabric; 
belt speed is 4, 300 ft per min, and 
angle of belt contact'is 180 degrees. 


SoLuTION. Enter bottom of chart Fig. 


| at 4,300, proceed vertically to curve 
for 35 ounce fabric, then left to the 
secant for 180 degrees, then vertically 
to scale at top of chart and read 1.48 
for value of K. Where 


d — diameter of smaller pulley, in 
D — diameter of larger pulley, in. 
Vs =speed of smaller pulley, rpm 
V , =speed of larger pulley, rpm 
S =belt speed, ft per minute 
' = center distance between pulleys, in 
angle of belt 
pulley, deg 


contact on smaller 


the belt speed Š can be calculated from 


(3) 
(3A) 


N — rd Ns 12 0.262d Ns 
or S-zDN;/12-20.262D N, 


The angle A of belt contact on small- 
er pulley for an open belt can be de- 
termined from the approximate formula 

A =180 — [60 (D —d)/C] (4) 
If an idler is used, it is generally safe 
to increase the angle as computed 
from Eq (4), by 10 degrees. 

The horsepower capacity chart, Fig. 

, Is based on the classic belt transmis- 
sion formula 


S(T1— To) 1 — (1 


K- R) | 
: 33.000 


(5) 
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in Eq (5), the term nomenclature is 
K horsepower capacity per 
belt width per ply 
T;- proper tight-side tension for 
selected, Ib 
-Centrifugal tension, lb. In calcu- 
lating Te, the value 0.03 Ib is taken 
as the belting 
per inch of width per plv per foot 
of length 
ratio ol tight side to slack side ten 
In calculating R 
0.22 is taken for the coefficient of 


belt-pulley friction 


fabric 


NN eight ot 


average 


sion i value of 


the curves for 


fabric 


Note that in Fig. 1 
28, 32, and 35 ounce belts in 
dicate that horsepower capacity is a 
maximum between 5,000 and 6,000 ft 
per min belt speeds. In practice, nor 
mal high speed ranges from 4,000 to 
5,500 It per min; 


4.000 to 


medium spe ed from 


1,000 ft per 


speed from 2,500 to 3,000 ft per min 


i 
min; and low 


PROPER WIDTH-PLY COMBINATION 
From Eq (2A) a WP product 
tained. Obviously, 
wide and too thin or 
narrow 
uct. There is an 
lished by experience and 
and other r 


IS ob 


Dc too 


belts could 
too thick and too 
the WP 


howe ver, 


and still satisfy prod 


area estab 
require d for 


economic asons, in which 


the width-ply combinations do not im 
dths or diame 


pose excessive pulley wi 


ters and in which belts are said to be 
properly proportioned 

Any belt in Table II having the cal 
culated WP product Or the 


est above it. 


value near 
IS properly proportioned 


and will be a satisfactory choi pro 


vided pulley diameter is in line 


equal t 


combina 


Table II 


EXAMPLE: For a IWP product 
96, the following wi di h-ply 


tions may be selected from 


20 in. X 5 ply, W P —100 
16 in. X 6 ply, WP-— 96 
14 in WP= 98 


7 ply 


f 


The range of belt widths 
Table II is from 14 to 20 in. It is ap 
parent that the WP values of a 12 in 
8 ply and of a 24 in. 4 ply belt are 
also 96, but sizes not listed in Table II 
are to be avoided as not properly pro 
portioned belts 


possible in 


PULLEY Size. A belt selection found to 
be in good proportion, as indicated by 
Table II should be examined for flexi 
bility by checking the number of plies 
against pulley diameter in Table III 

It is good practice to have the width 
of the pulley face 1 to 2 in. wider than 
the belt up to 12 in. belt width, and 
4 in. wider for belts over 12 in 
Where the pulley itself estab 
lishes belt width, the reverse. applies. 


4 to 
wide, 
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Mechanisms for Adjusting 


Sketches show devices for both manual and automatic take-up as re- 


quired by wear or stretch. Some are for installations having fixed 


Fig. 1—Manually adjusted idler run on slack side of 
chain or flat belt. Useful where speed is constant, 
load is uniform and the tension adjustment is not 
critical. Can be adjusted while drive is running. 
Horsepower capacity depends upon belt tension. 


Driver 


Sheove or 
flat pulley 


⸗ 
Locknut 


Fig. 5—Screw type split sheave for V-belts when ten- 
sion adjustment is not critical. Best suited for instal- 
lations with uniform loads. Running speed increases 
with take up. Drive must be stopped to make adjust- 
ments. Capacity depends directly upon value of belt 
tension. 


Fig. 9—Spring actuated base for automatic adjust- 
ment of uniformly loaded chain drive. With belts, it 
provides slipping for starting and suddenly applied 
torque. Can also be used to establish a safety limit 
for the horsepower capacity of belts. 


Fig. 2—Spring or weight loaded idler run on slack 
side of flat belt or chain provides automatic adjust- 
ment. For constant speed but either uniform or pul- 
sating loads. Adjustments should be made while drive 
is running. Capacity limited by spring or weight 
value. 


Sheave or 
flat pully 


Fig. 6—Split sheave unit for automatic adjustment 
of V-belts. Tension on belt remains constant; speed 
increases with belt take up. Spring establishes maxi- 
mum torque capacity of the drive. Hence, this can be 
used as a torque limiting or overload device. 


Fig. 10—Gravity actuated pivoting motor base for 
uniformly loaded belts or chains, only. Same safety 
and slipping characteristics as that of Fig. 9. Position 
of motor from pivot controls the proportion of motor 
weight effective in producing belt tension. 
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Ebna.. 


JOSEPH H. GEPFERT 


Reeves Pulley Company 


center distances; others are of the expanding center take-up types. 


Many units provide for adjustment of speed as well as tension. 


NWofor base 


Fig. 3—Screw-base type unit provides normal tension 
control of belt or chain drive for motors. Wide range 
of adjustments can be made either while unit is run- 
ning or stopped. With split sheaves, this device can 
be used to control speed as well as tension. 


“ 
Sheove or 
flat pulley 


Fig. 7—Another manually adjusted screw type split 
sheave for V-belts. However, this unit can be adjusted 
while the drive is running. Other characteristics simi- 
lar to those of Fig. 6. Like Fig. 6, sheave spacing can 
be changed to maintain speed or to vary speed. 


—— Ñ — A — — —H —— —— —— —— —— 


Shaft mounted -Driver 
geor reducer-- 2 shaft 


Adjustable 
torque arm 


Fig. 11-—Torque arm adjustment for use with shaft 
mounted speed reducer. Can be used as belt or chain 
take up for normal wear and stretch within the swing 
radius of reducer; or for changing speed while run- 
ning when spring type split sheave is used on motor. 
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Fig. 4—Pivoting screw base for normal adjustment 
of motor drive tension. Like that of Fig. 3, this design 
can be adjusted either while running or stopped and 
will provide speed adjustment when used with split 
sheaves. Easier to adjust than previous design. 


Thrust 
bearings 
' 


Fig. 8—Special split sheaves for accurate tension and 
speed control of V-belts or chains. Applicable to par- 
allel shafts on short center distances. Manually ad- 
justed with belt tension screw. No change in speed 
with changes in tension. 


Fig. 12—Wrapping type automatic take-up for flat 
and wire belts of any width. Used for maximum driv- 
ing capacity. Size of weight determines tension put 
on belt. Maximum value should be established to 
protect the belt from being overloaded. 
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Pratt & Whitney Div 


Niles-Bement-Pond Company 


Silver King Corporation 


Fig. 1 (Left)—Four cutter spindles guided by a fifth tracer spindle are driven synchronously 
by a combination of eight Timing belt drives on an automatic duplicating machine. Fig. 2 
(Right)—Two adjustable spindles in drill head attachment are each driven by a Timing belt. 


lootbed BELT DRIVES 


RICHARD Y. CASE 


United States Rubber Company 


MOLDED ENDLESS FLAT BELTS with 
regularly spaced teeth formed on one 
side are a recent outstanding develop- 
ment in power transmission belts. The 
teeth interlock with correspondingly 
spaced grooves in the faces of the 
driven and driving pulleys. The posi- 
tive tooth and groove engagement of 
belt with the pulleys transmits power 
without slip, creep, and speed variations 
so that precise synchronization or tim- 
ing between two or more shafts is 
maintained. These belts are employed 
as timing elements and also as efficient 
power transmitting mediums. 

In the early stages of development, 
these belt drives were necessarily cus- 
tom built usually to fit specific fixed 
center drives, consequently their pitches 
varied widely. Development of these 
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belts, however, has progressed rapidly 
and they are now produced and stocked 
in a wide range of standard lengths, 
widths and pitches. Concurrently, 
standard “Timing Belt” pulleys are 
made and stocked in the % and 4 in 
pitch sizes 

One type of standard pulley is 
stocked with plain bores and keyseats 
conforming to NEMA standards for 
motor shafts. Other standard types 
are designed and machined to be 
fitted with interchangeable hubs to ac- 
commodate shafts of different sizes. 

Of particular interest to designers, 
are the following inherent character- 
istics of the Timing Belt drive 

Il. Belt speeds range up to 16,000 ft 
per minute. 

2. Load range covers fractions to 
hundreds of horsepower. 

3. Positive nonslip drive transmits 
precisely synchronized motion without 


backlash and maintains constant angu- 
lar velocity 

4. Belt neither stretches nor elon- 
gates in service, which is an advantage 
in fixed center drives. 

5. Flexibility of belt permits use of 
small pulleys even at high speeds and 
horsepower. 

6. Belt generates practically no heat, 
therefore, its temperature seldom ex- 
ceeds ambient. 

Bearing loads are reduced be- 
cause initial tension is not required 
to obtain positive grip between belt 
and pulleys. 

8. Belt requires no 
dressing. 

9. Operates at low noise level. 

10. Mechanical efficiency is not re- 
duced by friction creating joints, lubri- 
cation drag, or slippage. 

In general, the Timing Belt drive 
affords machine tool designers the same 


lubrication or 
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Table II—Groove Profile Dimensions 
for Standard Timing Pulleys 


Table I—Basic Ratings for Timing Belts 


Timing belts and pulleys are mede in two standard pitches: a ?& in. pitch for 
light duty drives; and a !4 in. pitch for heavy duty drives. 


l 
I 


Tooth-shear rating per 


tooth, Ib per in. of width Light Duty, 
| 3⁄4 in. pitch 


pitch, in. 


Heavy Duty, 


Ultimate ~ : 
1⁄4 in. pitch 


Tensile 
Strength, 
lb per in. 


Recom- 
mended 
minimum 
pulley 


I 


Absolute 
minimum 
pulley 


Tension 
Member 
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Code No. dia, in. dia, in. of width 


2,500 
1,000 
1,000 

350 


positive power transmitting ability of 
precision gears combined with the 
flexibility of belting, plus the advan- 
tages of compactness where center 
distance is large and freedom from 
the need of lubrication. 

The automatic duplicating machine 
shown in Fig. 1 has four cutter spindles 
guided by a fifth tracer spindle, all 
driven synchronously by à combina- 
tion of eight Timing Belt drives. The 
machine is designed to produce four 
exact copies simultaneously from a 
single master part. It is important 
that the drives be positive and in 
balance. Any slippage will reduce the 
life of the carbide tools and vibration 
will impair the finish and accuracy of 
the parts. 

Another machine tool application is 
the drill head attachment shown in 
Fig. 2, which converts a single spindle 
drill press into a 3-chuck drill. The 
two added spindles are driven from the 
main spindle by two short Timing 
belts. The added spindles are‘ adjust- 
able with relation to the center spindle. 
Idlers take up the slack when the set- 
tings produce short centers. 

The introduction of standard Tim- 
ing Belt drives, available from distrib- 
utor's stock, will widen the range of 
individual applications that were for- 
merly prohibitive in cost because new 
belt molds and custom made pulleys 
would have been required. Such belts 
are now being used to transmit as much 
as 300 horsepower. 

Many expected applications for these 
belts are still in the experimental 
stage, and data on them are either not 
available or considered to be imprac- 
ticable for release. These develop- 
ments may not be in production for 
some time, but the results of current 
testing indicate that radical changes 
will be made in the design of many 
products. 


Extensive tests by several car manu- 


Lá Mg 


Included angle, deg 
Groove depth, in 

Bottom width, 
Top radius, in. 
Bottom radius, in.. | 


450 | 225 

450 | 200 | 

250 | 175 | 

300 | 275 | 
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facturers have demonstrated some of 
the advantages of a Timing Belt cam- 
shaft drive, even when equipped with 
a belt that was not impervious to 
crank case conditions. The most out- 
standing advantage obtained was that 
periodic adjustment and retiming to 
compensate for wear were not re- 
quired. Belts have since been con- 
structed using a compound that with- 
stands high ambient temperatures and 
hot lubricating oil. 

In fan-generator-pump drives, these 
belts deliver power without slip. 
Pressed steel pulleys are undergoing 
final tests and should soon be accepted 
as satisfactory for such applications. 

Power take-off and accessory drives, 
for which the no-slip, no-stretch, no- 
lubrication characteristics of this belt 
are advantageous, include air com- 
pressors, auxiliary generators, hydraulic 
pumps, automatic window lifts, wind- 
shield wipers, air conditioners, radio 
antenna hoisters and retractors, and 
seat positioners. 

In the aviation field, where the 
saving of space and weight is a primary 
consideration, the Timing Belt is of 
interest to designers, both as a posi- 
tive power transmitting medium and 
as an actuating mechanism. 

Even in its heaviest construction, the 
Timing Belt weighs less than 49 Ib 
per ft per in. of width. The weight 
of Timing Belt pulleys can be kept 
low since they can be made of alum- 
inum or other light metal. Since 
lubrication is not required, the weight 
of lubricants, lubricating devices, and 
lubricant-retaining housings is saved. 

Manufacturers of electric typewriters 
are using these belts as the main drive 
from the motor to the operating 
mechanism. In one such application, a 
o hp double reduction drive has a 
total speed ratio of approximately 7 
to l. A !4 in. wide belt is employed 
in the first stage and ¥% in. wide belt 


Product Engineering — 1955 Annual Handbook 


in. 0.115 to 0.125 


4043 
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40 4-3 
0.150 to 0.153 
0.145 to 0.155 
0.031 to 0.036 0.046 to 0.051 

344 max lig max 
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in the second stage. This drive oper- 
ates both the friction roll key striking 
mechanism and the carriage return 
mechanism. 

Other types of business machines to 
which such belt drives have been 
adapted include card sorters. These ma- 
chines require a synchronized drive 
over three working pulleys and an 
idler. In electric calculating machines, 
Timing Belt drives have replaced bevel 
gear driven shafts previously em- 
ployed to connect parallel shafts on 
opposite sides of the frame. 

Freedom from the need of lubrica- 
tion has many advantages in food 
processing machinery. As a drive for 
centrifuges, the Timing Belt has the 
advantage of being able to operate at 
high speeds without lubricating prob- 
lems. In one such drive that employs 
a l in. wide belt a 3 hp, 3,600 rpm 
motor produces through a 2.8 to 1 step 
up drive a driven speed of 10,000 rpm. 
Belt speed is 7,650 ft per min., and 
the belt and pulleys operate in a hori- 
zontal plane. 


Timing Belts 


In the construction of a Timing Belt 
there are four component elements 
Tension member; tooth stock; fabric 
facing; and backing. The number of 
teeth, pitch, and length of a belt are 
fixed by the circular steel mold used 
in producing the belt. 

The load carrying tension. member 
is a single layer of continuous steel 
wire cable or of cotton cord helically 
wound and molded in a thin layer of 
rubber. Ta this tension member, uni- 
formly spaced neoprene teeth are 
molded. A fabric layer facing forms 
a wear resisting surface for the entire 
underside of the belt and its teeth. 
The fabric facing and a neoprene 
backing encase the tension member 
and protect it from deterioration. 

The tension member is practically 
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inextensible. It is located on the root, 
or dedendum line, of the belt teeth. 
The tooth spacing or pitch, therefore, 
is sufficiently constant to assure accu- 
rate and positive meshing with axially 
cut grooves in pulleys having the same 
pitch. 

The "rubber" portions of the belt are 
usually oil resistant neoprene com- 
pounds, which are quite satisfactory for 
ordinary drives. All four of the com- 
ponent elements of the belt, however, 
can be varied in manufacture to suit 
the speed, horsepower, and operating 
conditions of a drive. Special belts 
can be constructed for unusual oper- 
ating conditions such as high tempera- 
tures, excessive oil, or static dissipating 
requirements. For example, special 
constructions have been developed for 
camshaft drives where temperatures 
exceed 180 F and the belt is subjected 
constantly to oil. 

A portion of a Timing Belt drive 
and the nomenclature commonly used 
are shown in Fig. 3. The nomenclature 
is similar to that used in toothed gear- 
ing, except that the spaces between the 
projections on the pulley are called 
grooves, and the protuberances on the 
belt are called teeth. 

The pitch line of the belt is defined 
as the neutral plane in the tension 
member separating the tension and 
compression zones when the belt is 
flexed. Since the tension member is 
practically imextensible, the tooth 
spacing or circular pitch of the belt 
is not appreciably altered by flexing 
over pulleys. 

Whereas the pitch circle of tooth 
gears lies approximately midway be- 
tween the addendum and dedendum 
circles, the pitch circle of a Timing 
Belt pulley coincides with the pitch 
line of the belt and consequently lies 
external to the face of the pulley. 
The difference between the pitch radius 
and the face radius of a pulley is called 
the pitch line differential. 

Where 

P = circular pitch of the belt, in 

L = pitch length of the belt, in 


Ng = number of teeth on the belt 
P — L/Ns (1) 


Since the thickness of the tension 
member and the facing of the belt de- 
rermine its pitch line, the pitch line 
differential varies for different belt 
constructions. For instance, belts made 
with heavy cotton duck facing, there- 
fore, are not interchangeable with belts 
made with heavy nylon fabric facing. 


Belt Width Calculations 


The width of a Timing Belt re- 
quired for a given drive depends upon 
the nature and horsepower of the load. 
In general, load-carrying ability in- 
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Neoprene -encased 
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Pulley pitch radius 
^ 


-Pitch line differential 


Fig. 3 (Above) —Portion of a 
Timing Belt drive and key to 


nomenclature commonly used. 


Fig. 5 (Right)—Timing belt 
pulley with plate type flanges 
to retain belt on pulley. 


= 


creases proportionally as belt width 
increases. In Table I are given the 
tensile strength and the tooth shear 
strength in pounds per inch of belt 
width for belts constructed with vari- 
ous tension members. 

Before starting to calculate the width 
of belt required for any drive, careful 
consideration should be given to the 
nature of the drive and the conditions 
under which it will operate. These may 
call for extra capacity in the belt be- 
yond the nominal horsepower rating of 
the source of power. 

Nominal or basic horsepower ratings 
assume a steady nonpulsating power 
source driving a load that is not sub- 
ject to shocks, overloads, sudden starts 
and stops, or reversal of direction, and 
that operates for a period of 8 to 10 
hours per day. 

Any variation from these conditions 
has the effect of increasing the peak 
load that the belt is called upon to 
carry. To compensate for such varia- 
tions, the nominal horsepower should 
be multiplied by an appropriate appli- 


cation service factor and the resulting 


~----= Pulley face diam---- 


Flange seot 


Flange 
— | thickness 


2799999979 


lu: 


⸗ 


— — 


P clearance 


figure should be used in the final cal- 
culation of belt width. 

In some applications involving very 
short periods of operation and long pe- 
riods of idleness, and where other ab- 
normal conditions are absent, sound 
engineering judgment may well dictate 
the use of an application factor some- 
what less than 1.0, thereby decreasing 
rather than increasing the nominal 
horsepower of the drive. 

The horsepower that a Timing Belt 
of any given construction can transmit 
is determined by its speed and width. 
The belt width required for any specific 
drive is, in turn, governed by two con- 
siderations: The tensile strength of the 
belt; and the number of the belt teeth 
in full mesh with the grooves of the 
smaller pulley. Both should be calcu- 
lated, and the final determination of 
belt width should be made on the basis 
of the lower of the two calculated 
horsepower per inch of width ratings. 

In most applications the tensile 
strength rating will be the basis for 
determining belt width. When a high 


ratio drive, however, produces a small 
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Fig 4—Horsepower ratings for belts based on tensile 
strength.— (A) With 0.037 in. dia steel wire cable ten- 
sion member.—(B) With 0.017 in. dia steel wire cable 


tension member, and also for belts with 0.037 in. dia 
cotton cord tension member.—(C) With 0.021 in. dia 
cotton cord. Curves include centrifugal force effects. 


arc of contact between the belt and 
smaller pulley, the working tooth shear 
strength rating will probably deter- 
mine belt width. 

Horsepower per inch of width rat- 
ings, based on tensile strength of the 
several types of belt construction, are 
presented in Figs. 4 (A), (B), and 
(C). The values obtained from these 
curves include the effects of centrifugal 
force at high belt speeds. 

The arc of contact 8 on the smaller 
pulley of any two pulley drive is 
established by the difference between 
the diameters of the two pulleys and 
by the distance between their centers. 
Where 

R = pitch radius of large pulley, in. 
pitch radius of small pulley, in. 
center distance, in 
arc of contact on the smaller pul- 
ley, deg 
8 = 2 cos" [(R — r)/C)] (2) 


“aud 


P 
C 
8 


then where 


Tw = number of teeth in mesh with 
small pulley 

n = number of grooves in small pulley 

Ty — 8n/360 (3) 


Should Ty from Eq (3) result in a 
whole number plus a fraction, ignore 
the fraction and use the whole number 
only, since a part of a tooth cannot be 
considered a working tooth. 

Where 

Q = tooth shear strength, lb per in. of 

tooth width 
V = belt speed, ft per min 
H, = horsepower per in. of belt width 
based on tooth shear 
Using a safety factor of 15, 
H, = Tum Q V/ (33,000 X 15) (4) 

The belt width is then calculated by 
dividing the smaller horsepower per 
inch of width rating, as obtained from 
Figs. 4 (A), (B), or (C) and from 
Eq (4), into the product of the rated 
horsepower of the drive and the appli- 
cation service factor. When the result 
of these calculations is a belt width 
of less than 0.8 in., add 0.1 in. For 
example, if the calculations give a 
width of 0.365 in., add 0.1 in., making 
a total of 0.465 in. and specify V^ in. 
belt. 

This addition to the narrower belts 
is recommended because the outer 
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edge of a belt is essentially rubber, 
without any effective wire or cord ten- 
sion member, and the load carrying 
capacity of the belt is based on the 
width of the tension member. 


Pulley Design 
A Timing Belt pulley is similar to 
an uncrowned flat-belt pulley, except 
that grooves, Table II, are cut in its 
face parallel to its axis. Where 


D 
Dr 
N 
P 
4 
D 


pitch diameter of pulley, in. 

face diameter of pulley, in. 

number of grooves in pulley 

pitch, in. 

pitch line differential of belt, in. 
[P /x (5) 


lH H H H H 


Since the pitch diameter of the 
pulley is greater than its face diameter 
by twice the pitch line differential of 
the belt, 


Dr = D — % (6) 


The pulley groove profile is described 
by the five dimensions given in Table 
Il for $$ and V2 in. pitches. Three 
methods are generally used in cutting 
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the grooves in Timing Belt pulleys: 
Milling; shaping on a geər shaper; and 
hobbing. Standard cutters and hobs 
are readily available. To obtain a 
working clearance, the corresponding 
dimensions of the grooves are generally 
larger than those of the belt teeth. 

Timing Belt pulleys can be made of 
practically every material used in the 
manufacture of gears; steel and cast 
iron being the most common, but mag- 
nesium castings and sintered iron are 
also quite generally employed. 

Aluminum alloys, brass, plastics, and 
zinc or aluminum die castings are 
widely used on light drives where belt 
tension is low. These materials may 
also be used on heavy drives when the 
pulley diameter is 5 in. or more, but 
their wear characteristics under high 
speeds or heavy loads are not com- 
parable to those of cast iron or steel. 
The wear resistance of these metals, 
however, may be increased consider- 
ably if necessary by chrome plating, 
anodizing, or other treatment. 

Pulleys of steel or cast iron do not 
wear appreciably under normal condi- 
tions, but it is recommended that mild 
steel pulleys of 2 in. dia and smaller 
that operate at more than 3,600 rpm 
be surface hardened. 

Standard stock Timing Belt pulleys 
up to 414 in. dia are cut from steel 
bar stock; above 414 in. dia they are 
made of close grain cast iron. 

Timing Belt pulleys differ from flat- 
belt pulleys in that flanges are used 
instead of a crown to retain the belt 
on the pulleys. On a two pulley drive, 
it is necessary to flange at least one 
pulley; economy usually dictates the 
flanging of the smaller. When the 
drive ratio, however, is less than 3 
to 1, it is good practice to flange 
both pulleys on drives having a center 
distance greater than eight times the 
diameter of the smaller pulley. On 
drives in which the belt runs over 
more than two pulleys, it is advisable 
to flange at least every other pulley. 
When flanged in accordance with 
these rules, drives can be run in any 
position. 

Plate type flanges, as shown in Fig. 5, 
are usually stampings that are attached 
to the pulley by staking. On cast 
pulleys and on pulleys larger than 4 
in. dia, plate type flanges can be 
mounted economically by shrink-fitting 
them on tapered seats. Stamped flanges 
should be attached to pulleys with the 
smooth punched side next to the belt. 
Where space permits, the flange out- 
side diameter should be approximately 
L4 in. greater than the pulley face 
diameter. 

The amount of side clearance on belt 
width needed varies from approxi- 
mately ?$, in. for belts up to 46 in. 
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wide to approximately V$ in. for belts 
5 in. wide and greater. 

On drives in which only one pulley 
is flanged, the face of the unflanged 
pulley should be slightly wider than 
the belt, the amount of this additional 
face width varies with the center dis- 
tance of the drive. For center distances 
of 10 in. and smaller, the additional 
face width required is about ?4, in.; 
for a center distance of 50 in., about 
l5 in. is required. 

While flat plate type flanges are 
most satisfactory, sometimes other 
means are employed to retain the belt 
on the pulley. One method is the use 
of commercial retaining rings; another 
is the use of wire snap rings set in 
grooves on the outer circumference of 
the pulley. On high speed drives, the 
abutting ends of such rings must be 
brazed and the joint made smooth 
where it contacts the belt 

When pulleys are die-cast, molded, 
or made of sintered metal, one flange 
can be molded or cast as an integral 
part of the pulley. By mounting such 
single flange pulleys so that the flanges 
of the two pulleys are opposed, addi- 
tional flanges are not necessary. 

In designing such pulleys, it is pref- 
erable to locate the integrally cast 
flange on the flat side of pulley oppo- 
site the hub. If it is necessary to locate 
the flange on the hub side, a large draft 
is needed on the hub. 


Pulley Application 


Pulley diameter has an important 
bearing on belt life. The primary 
consideration is the degree and rapidity 
of belt flexing. A smaller diameter 
pulley, therefore, can be used on a low 
belt speed drive than could be used on 
a relatively high belt speed drive. Also, 
on a long center drive, any given point 
on the belt will flex less frequently 
than on a short center drive running 
at the same belt speed. 


An idler, either spring loaded or 
screw adjusted, may be used as an 
alternative for center distance adjust- 
ment to permit the use of a belt that 
is slightly longer than is required by 
the drive. Either the back or the 
toothed side of the belt may be run 
against the idler. 

Where the toothed side of the belt 
runs against an inside idler of more 
than 6 in. dia, the idler can be a con- 
ventional flat face pulley. If less than 6 
in. dia, the idler should be grooved 
with a pitch and profile to match the 
belt. 


A flat face pulley of any diameter 
greater than the minimum recom- 
mended in Table I can be used as an 
outside idler. Such an idler may be 
located so as to increase the arc of con- 


tact of the be't with a small pulley. 
This consideration is important on 
high ratio drives where the number of 
teeth in mesh is low. An outside idler 
introduces a reverse flexing in the ten- 
sion member of the belt but does not 
decrease the service life of the belt. 

In the textile field, many drives are 
used in which a Timing Belt pulley 
is fitted to the drive shaft and a large 
flat pulley is mounted on the driven 
shaft. The advantage of such a drive, 
in addition to preventing slippage on 
the small pulley, is that slippage can 
occur on the flat pulley in the event 
of a jam or excessive overload, thus 
sides a degree of protection. On the 
other hand, as with a flat belt drive, 
initial tension is required to obtain 
traction on the ungrooved pulley. 

When a Timing Belt, driven by a 
grooved belt pulley, is employed to 
drive a flat faced pulley, several pecu- 
liar considerations should be noted. 
Since the teeth of the belt will ride on 
the face of the flat pulley, the effective 
pitch diameter of that pulley will be its 
face diameter plus twice the pitch line 
differential of the belt construction, 
plus twice the belt tooth depth. For 
standard Timing Belts, the pitch line 
differential and tooth depth are: 


Pitch Line Tootb 

Standard Differen Depth 
Belt tial, In In 

0.0100 

0.0225 


0.075 
0.090 


3$ 1n. pitch 
1^ in. pitch 


Since only one pulley is grooved, 
speed ratio must be determined by the 
relative pitch diameters, rather than 
number of grooves. 

Timing belts should not be run over 
crowned pulleys; any crown should be 
removed before installing the belt. 


Multiple Drives 


Slippage that results because of an 
insufficient arc of contact between the 
belt and any of the several pulleys on 
a conventional multipoint drive can 
be corrected by conversion to a Timing 
belt drive. The Timing belt will not 
only overcome slippage but will also 
maintain synchronization between all 
points of the drive, so long as all the 
shafts turn in the same direction. 

Where reverse direction of one or 
more of the driven shafts is required, 
uncrowned flat pulleys can be run 
against the back of the Timing belt 
with no more slippage than would oc- 
cur with an ordinary flat belt. As yet, 
a Timing belt with teeth on both sides 
has not been found to be practical. 


EDITOR'S NOTE: This article is based 
on material abstracted from the "Tim- 
ing” Belt Drive Engineering Hand- 
book, Richard Y. Case, author. 
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Strength-Weight Ratios of Hollow Steel Shafts 


HANS W. SMITH EXAMPLE 1. Given a hollow steel shaft for which d ) in. and D í in nd the 
weight W per foot and the polar section modulus Z, of this hollow shaft 
THIS CHART simplifies calculat- SOLUTION 1. £ = 4/D = 3⁄4 = 0.75. Reading to right of the intersection of vertical 
s : f fre Ë 0.75, gives 9 lb/ft "ading to left « > 
ing of the weight per foot and m D 4 with the W secant gives u l »/ f Reading to left of the 
lar secti xdul f holl intersection of vertical from D t with the Z, secant é = 0.75, gives Z 8.8 in.” 
a ) yw ' : * 
po M - In EOGUIUS ( : ouo⸗ EXAMPLE 2. Find the outside and inside diameters of a hollow shaft that will transmit 
shafts subjected to torsion. It the same torque as that transmitted by a 3 in. dia solid shaft. 
can also be used for solid shafts SOLUTION 2. For a hollow shaft to transmit the same torque as a solid shaft, the only 
with negligible error and for condition required is that the polar section modulus be equivalent; therefore, the solution 
a š Ë x` T ç O | t 
comparing strength-weight ra- IS dependent upon the ratio for the hollow shaft The solution for a hollow shat 
i i , having & — 0.75 is given on the chart. From chart using & — 0.1; for a 3 in. dia solid 
tios of solid to hollow shafts. 


— shaft, W — 24 Ib/ft, and Z, — 5.5 in.? For hollow shaft, intersection of Z 5.3 with 
The equations used in its deriva- Zp secant Å 0.75 gives D 3.41 in., therefore, d 0.75 X 3.41 2.55 in.; inter 


tion are shown on the curve. section D 3.41 with W' secant £ 0.75 gives W 14 lb/ft for he 


L 


low shaft 


| 1125 125 —— 225 25 275 3 325 3754 45 5 55 6 
Zp * 0196 (1-k*) o? i? 


W s: 264 (I-k?) p?ib /ft 
Where k=d/D 


4 


Se 
CU. 
Ns 


Weight of hollow shoft, Ib/ft 


Zp, Polor section modulus, in.3 
w 


125 5 225 25 275 3 325 35 4 45 


D, Outside diameter of hollow shoft, in 
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Mechanical and Electrical 


Principle of operation, uses and limitations of various 
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Below: In the Vari-Pitch Speed-Changers, special Texrope 
V-belts and Vari-Pitch sheaves are combined to produce in- 
finite variations of speed. These units can be driven from 
either side or either end. The disks between which the belts 
run are mechanically linked together, moving as a unit when 
effecting a speed change. The positions of the disks and the 
pitch diameters are maintained without the use of springs. 
Belt tension is applied by a gravity cantilever type idler. 
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Left: Known as the Reeves Variable Speed 
Transmission, this unit can be used as a speed 
multiplier or a speed reducer. Its design is 
based upon the principle of changing dia- 
metrical pitches. Two pairs of semi-steel, 
cone-shaped disks are double key mounted 
on parallel shafts. The pairs of disks are 
connected by a V-shaped belt of composite 
construction that fits the throats formed by 
the pairs of disks. The disks are laterally 
moved on their shafts by two levers pivoted 
midway between the shafts. Operating at 
variable horsepower but constant torque, 
either shaft can be used as the variable speed 
shaft. The shaft connections from the driv- 
ing source and to the load can be made on 
the same side of the transmission. 


Control 


Contro! .--- 
pivot ^ 


"adjusting 
screw 


Limit nut ~ Speed 
~ setting 
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Lini-Beit Co 


Above: The P.I.V. Gear is a positive chain drive that gives 
an infinite number of speed variations. The self-tooth-forming 
chain engages with grooves in the conical faces of alloy steel 
wheels. The control handwheel moves the control levers about 
central pivots to change the ratio of the effective wheel diam- 
eters. The wheels, mounted on splined shafts, are free to move 
laterally. The chain links are slideable transverse slats that 
form the power transmitting teeth. A shoe mechanism, with 
spring tension, applies pressure to the slack side of the chain 
to keep it in adjustment. All moving parts run in oil with 
automatic splash-lubrication. 
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ll Variable Speed Transmissions 


speed changing devices. From: POWER 


Voridisks 
Voribelt..... , 


Travelling 
7" hub 


Spring US Electricot Motors Inc. 

Above: The Varidrive Motor contains a constant 
speed squirrel cage motor and two pairs of Varidisks 
connected by a Varibelt. A calibrated spring main- 
tains correct pressure the two driven disks and the 
belt. This pressure is balanced by the wedging action 
of the belt regardless of wear. The output speed is 
changed by varying the effective contact diameter of 
the disks and belt. The threaded handwheel shaft 
actuates one traveling hub that by means of a double 
linkage arrangement moves a similar traveling hub 
on the motor side an equal amount in an opposite 
direction. These hub displacements increase the belt 
contact diameter of one pair of disks and simultane- 
ously reduce the contact diameter of the other pair. 
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Below: Used on applications where the load torque drops off rapidly 
with a reduction of speed, the E-M Adjustable-Speed Magnetic Drive 
System is made up of a constant speed motor driving a ring. Free to 
rotate within the ring is a magnet that is coupled to the load shaft. 
The constant speed motor can be either a synchronous or squirrel- 
cage alternating current type. The poles of the magnet are excited by 
direct current through collector rings on the magnet shaft. The speed 
of the output shaft is varied by controlling the pole excitation. 
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Electric Machinery Mfg Co Collector rings 


Below: Made to transmit controllable torque, the Adjusto-Spede uses 
electromagnetic forces and no mechanical connection between the 
driving and driven members. A squirrel cage induction motor and an 
eddy current clutch are combined in one unit. The clutch has special 
poles that concentrate flux at the pole ends, which develop constant 
torque between the driving and driven members. Variable delivery 
speed is determined by the amount of slip between the drums. Any 
required slip can be had by changing the clutch coil excitation. 
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Left: A speed control that delivers constant torque at any fractional 
speed between that of the power source and zero, and between zero 
and 10 percent reverse, the Constantorque uses two planetary gear 
systems. A cylindrical differential carrier encloses a planetary unit 
of six gears always in mesh, and is free to rotate about the input 
and output shafts. This carrier has a 45 deg conical face in contact 
with the freely rotating control ball. Another conical disk connects 
to the output shaft through a six gear planetary, and is also in con- 
tact with the control ball. As ball tips, the output speed changes. 
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THESE DRIVES are used to transmit 
both high torque, as on power spindle 
presses, and low torque, as in labora- 
tory instruments. All perform best if 
used to reduce and not to increase 
speed. All friction drives have a cer- 
tain degree of slip due to imperfect 
rolling of the friction members, but 
by correct design this slip can be held 
constant, resulting in constant speed 
of the driven member. Variations in 
load should be compensated by inertia 
masses on the driven end. Springs or 
similar elastic members can be used 
to keep the friction parts in constant 
contact and exert the force necessary 
to create the friction. In some cases, 
gravity will take place of such mem- 
bers. Specially made friction materials 
are generally recommended, but leather 
or rubber are often satisfactory. Nor- 
mally only one of the friction members 
is made or lined with this material, 
while the other is metal 


Fig. 1—Cone and roller drive. Speed 
varies in accordance with axial posi- 
tion of roller on the cone and its 
operating diameter. 


Fig. 2—Two cones and a free spin- 
ning roller that can be moved along 
the surfaces of the cones. 


Fig. 3—Two cones and a free endless 
leather belt between them. The belt 
is shifted between cone faces to obtain 
the desired speed ratio. 


Fig. 4—Two cones belted by a flat 
movable belt. Two metal fingers posi- 
tion belt along faces of the cones. 


Fig. 5—A disk an roller drive. Roller 
is moved radially on the disk. Speed 
ratio depends upon the operating 
diameter of disk. Direction of relative 
rotation of shafts is reversed when 
roller is moved past the center of the 
disk as indicated by dotted lines. 
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Fig. 6—Two disks and a free spinning 
roller, movable between them. Change 
of speed will be fast, because the op- 
erating diameters of the disks change 
in an inverse ratio. 


Fig. 7—Two disks mounted on same 
shaft and a roller mounted on a 
threaded spindle. Contact of roller can 
be changed from one disk to the other 
to change direction of rotation. Rota- 
tion will be accelerated or decelerated 
with movement of the screw. 


Fig. 8—Disk and two differential roll- 
ers. Rollers and their bevel gears are 
free to rotate on shaft, S. Other two 
bevel gears are free to rotate on pins 
connected by S. Good for high reduc- 
tion and accurate adjustment of speed. 
S, will have the differential speed of 
the two rollers. Differential assembly 
is movable across face of disk. 


Fig. 9—Drum and roller. Change of 
speed is effected by skewing the roller 
relative to the drum. 


Fig. 10—Two spherical cones on par- 
allel shafts and a free spinning roller. 


Fig. 11—Two spherical cones on in- 
tersecting shafts and a free roller. 


Fig. 12—Spherical cone and groove 
with a roller. Suitable when small ad- 
justments in speed are desired. 


Fig. 13—Two cup shaped spherical 
disks and a free rotating roller adjust- 
able on the center of sphere. 


Fig. 14—Two disks with torus con- 


tours and a free rotating roller. 


Fig. 15—-Two disks with a spherical 
free rotating roller. 


Fig. 16—Split pulleys for V belts. Ef- 
fective diameter of belt grip can be 
adjusted by controlling distance be- 
tween two parts of pulley. 
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Basic Types of Mechanical 


Sketches include both friction and positive types. Figs. 1-7 are classified as externally 
controlled; Figs. 8-12 are internally controlled. The latter are further divided into 


Driv ing 
shof? 


View 


! — AE LEE 


Oriven 


Fig.! 


] JAW CLUTCH. Left sliding half is feathered to the 
. driving shaft while right half rotates freely. Control 
arm activates the sliding half to engage or disengage the 
drive. This clutch, though strong and simple, suffers 
from disadvantages of high shock during engagement, 
high inertia of the sliding half, and considerable axial 
motion required for engagement. 


2 SLIDING KEY CLUTCH. Driven shaft with a key- 
* way carries freely-rotating member which has ra- 
dial slots along its hub; sliding key is spring loaded but 
is normally restrained from engaging slots by the control 
cam. To engage the clutch, control cam is raised and key 


Driving 
geor.. 


7 EXPANDING SHOE CLUTCH. In sketch above, 
* engagement is obtained by motion of control arm 
which operates linkages to force friction shoes radially 
outward into contact with inside surface of drum. 


2 SPRING AND BALL RADIAL DETENT CLUTCH. 
* This design will positively hold the driving gear 
and driven shaft in a given timing relationship until the 
torque becomes excessive. At this point the balls will be 
forced inward against their spring pressure and out of 
engagement with the holes in the hub, thus permitting 
the driving gear to continue rotating while the driven 
shaft is stationary. 


Driving 
members 


enters one of the slots. To disengage, cam is lowered into 
the path of the key; rotation of driven shaft forces key 
out of slot in driving member. Step on control cam 
limits axial movement of the key. 


PLANETARY TRANSMISSION CLUTCH. In disen- 
3. gaged position shown, driving sun gear will merely 
cause the free-wheeling ring gear to idle counter-clock- 
wise, while the driven member, the planet carrier, re- 
mains motionless. If motion of the ring gear is blocked 
by the control arm, a positive clockwise drive is estab- 
lished to the driven planet carrier. 


9 CAM AND ROLLER CLUTCH. This over-running 
èe clutch is suited for higher speed free-wheeling than 
the pawl and ratchet types. The inner driving member 
has camming surfaces at its outer rim and carries light 
springs that force rollers to wedge between these surfaces 
and the inner cylindrical face of the driven member. 
During driving, self-energizing friction rather than the 
springs forces the roller to tightly wedge between the 
members and give essentially positive drive in a clock- 
wise direction. The springs insure fast clutching action. 
If the driven member should attempt to run ahead of the 
driver, friction will force the rollers out of a tight wedg- 
ing position and break the connection. 


E E Ln rr E —————— — — — 9 — — —— 


E24 


Product Engineering — 1955 Annual Handbook 





— nF On -— 


Clutches 


r POWER TRANSMISSION 


MARVIN TAYLOR 


Mechanical Research & Development Department. 
Monroe Calculating Machine Company 


overload relief, over-riding, and centrifugal types. See pages E26 and E27 for sketches 
and descriptions of mechanical clutches for precise service in calculating machines. 


Confrol- —. 
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"Driven 
gear 


' Yu 
“— Driving ratchet — 
Fig.4 


4 PAWL AND RATCHET CLUTCH. (External Con- 
e trol). Ratchet is keyed to the driving shaft; pawl is 
carried by driven gear which rotates freely on the driving 
shaft. Raising the control member permits the spring to 
pull the pawl into engagement with the ratchet and drive 
the gear. Engagement continues until control member is 
lowered into the path of a camming surface on the pawl. 
The motion of the driven gear will then force the pawl 
out of engagement and bring the driven assembly to a 
solid stop against the control member. This clutch can 
be converted into an internally controlled type of unit by 
removing the external control arm and replacing it with 
a slideable member on the driving shaft. 
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WRAPPED SPRING CLUTCH. Makes a simple 
10. and inexpensive uni-directional cluteh consisting 
of two rotating members connected by a coil spring which 
fits snugly over both hubs. In the driving direction the 
spring tightens about the hubs producing a self energiz- 
ing friction grip; in the opposite direction it unwinds 
and will slip. 


EXPANDING SHOE CENTRIFUGAL CLUTCH. 
11. Similar in action to the unit shown in Fig. 7 with 
the exception that no external control is used. Two fric- 
tion shoes, attached to the driving member, are held in- 
ward by springs until they reach the **clutch-in" speed, at 
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3 PLATE CLUTCH. Available in many variations, 
+ with single and multiple plates, this unit transmits 
power through friction force developed between the faces 
of the left sliding half which is fitted with a feather key 
and the right half which is free to rotate on the shaft. 
Torque capacity depends upon the axial force exerted by 
the control member when it activates the sliding half. 


6 CONE CLUTCH. This type also requires axial 
* movement for engagement, but the axial force re- 
quired is less than that required with plate clutches. Fric- 
tion material is usually applied to only one of the mating 
surfaces. Free member is mounted to resist axial thrust. 


member 


Driving 


^ -——RA N J 


which centrifugal force energizes the shoes outward into 
contact with the drum. As the driver rotates faster the 
pressure between the shoes and the drum increases there- 


by providing greater torque capacity. 
12 MERCURY GLAND CLUTCH. Contains two fric- 
* tion plates and a mercury filled rubber gland, all 
keyed to the driving shaft. At rest, mercury fills a ring 
shaped cavity near the shaft; when revolved at sufficient 
speed, the mercury is forced outward by centrifugal force 
spreading the rubber gland axially and forcing the fric- 
tion plates into driving contact with the faces of the driv- 
en housing. Axial thrust on driven member is negligible. 
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Small Mechanical Clutches fo 


Clutches used in calculating machines must have: (1) Quick response— 


lightweight moving parts; (2) Flexibility—permit multiple members to 
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PAWL AND RATCHET SINGLE CYCLE CLUTCH (Fig. 1). Known as Dennis 
Cluteh, parts B, € and D, are primary components, B, being the driving ratchet, 
C, the driven cam plate and, D, the connecting pawl carryied by the cam plate. 
Normally the pawl is held disengaged by the lower portion of clutch arm A. 
When activated, arm A rocks counter-clockwise until it is out of the path of rim 
F on cam plate C and permits pawl D under the effect of spring E to engage 
with ratchet B. Cam plate C then turns clockwise until, near the end of one 
cycle, pin € on the plate strikes the upper part of arm A camming it clockwise 
back to its normal position. The lower part of A then performs two functions: 
(1) cams pawl D out of engagement with the driving ratchet B and (2) blocks 
further motion of rim F and the cam plate. 


PAWL AND RATCHET SINGLE CYCLE DUAL CONTROL CLUTCH—4(Fig. 2). Principal 
parts are: driving ratchet, B, directly connected to the motor and rotating freely 
on rod A; driven crank, C, directly connected to the main shaft of the machine and 
also free on A; and spring loaded ratchet pawl, D, which is carried by crank. €, 
and is normally held disengaged by latch E. To activate the clutch, arm F is raised, 
permitting latch E to trip and pawl D to engage with ratchet B. The left arm of 
clutch latch C, which is in the path of the lug on pawl D, is normally permitted to 
move out of interference by the rotation of the camming edge of crank C. For certain 
operations block His temporarily lowered, preventing motion of latch €, resulting in 
disengagement of the clutch after part of the cycle until subsequent raising of block H 


permits motion of latch € and resumption of the cycle. 


Utque 


PLANETARY TRANSMISSION CLUTCH (Fig. 3). A positive clutch with external 
control, two gear trains to provide bi-directional drive to a calculator for cycling the 
machine and shifting the carriage. Gear A is the driver, gear L the driven member 
is directly connected to planet carrier F. The planet consists of integral gears B and 
€; B meshing with sun gear A and free-wheeling ring gear €, and C meshing with 
free-wheeling gear D. Gears D and G carry projecting lugs, E and H respectively, 
which can contact formings on arms J and K of the control yoke. When the machine 
is at rest, the yoke is centrally positioned so that the arms J and K are out of the 
path of the projecting lugs permitting both D and © to free-wheel. To engage the 
drive, the yoke rocks clockwise as shown, until the forming on arm K engages lug H 
blocking further motion of ring gear G. A solid gear train is thereby established driv- 
ing F and L in the same direction as the drive 4 and at the same time altering the 
speed of D as it continues counter-clockwise. A reversing signal rotates the yoke coun- 
ter-clockwise until arm J encounters lug E blocking further motion of D. This actuates 


the other gear train of the same ratio. 


Fig. 3 
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Precise Service MARVIN TAYLOR — 


control operation; (3) Compactness—for equivalent capacity positive 


clutches are smaller than friction; (4) Dependability; and (5) Durability. 
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MULTIPLE DISK FRICTION CLUTCH (Pig. 4). 

Two multiple disk friction clutches are combined in 

- ` a single two-position unit which is shown shifted 

Cycle clutch B C ' W Shift clutch to the left. Z nnd eylindrical housing € enclos- 
t ing both clutehes is carried by self-lubricated bear- 
' ing Ë on shaft J and is driven by the transmission 
' gear H meshing with the housing gear teeth K. At 
I 


= ua " nine n either end, the housing carries multiple metal disks 
EIEII ITIITI EEEN TIITII ZA < Vb: I Q that engage keyways W and can make frictional 

NIB h contact with formica disks N which, in turn, can 
contact a set of metal disks P which have slotted 
openings for coupling with flats on sleeves B 
and W. In the position shown, pressure is exerted 
through rollers L forcing the housing to the left 
making the left clutch compact against adjusting 
nuts R, thereby driving gear A via sleeve B which 
is connected to jack shaft J by pin U. When the 
carriage is to be shifted, rollers L foree the hous- 
ing to the right, first relieving the pressure between 
the adjoining disks on the left clutch then passing 
through a neutral position in which both clutches 
are disengaged and finally making the right clutch 
compact against thrust bearing F, thereby driving 
gear © through sleeve W which rotates freely on 
the jack shaft. 


e 


SINGLE PLATE FRICTION CLUTCH (Pig. 5) 
The basie clutch elements, formica disk A, steel 
plate B. and drum €, are normally kept separated 


TR 
Ñ 
Ñ 
N 
N 
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š 
HE 


by spring washer €. To engage the drive, the left 
end of a control arm is raised, causing ears F, 
which sit in slots in plates H, to rock clockwise 
spreading the plates axially along sleeve P. Sleeves 
E and P and plate B are keyed to the drive shaft; 
all other members can rotate freely. The axial mo- 
tion leads the assembly to the right through the 
thrust ball bearings A against plate L and adjust- 


= 


ing nut M, and to the left through friction surfaces 
on A, B and € teo thrust washer S, sleeve E and 
against a shoulder on shaft D, thus enabling plate 
í to drive the drum €. 


III 


pr 9 


OVERLOAD RELIEF CLUTCH (Fig. 6). This is a simply constructed, double- 
plate, spring loaded, friction coupling. Shaft G drives collar E which drives 
slotted plates C and D and formica disks B. Spring H is forced by the adjusting 
nuts, which are screwed on to collar E, to maintain the unit under axial pressure 
against the shoulder at the left end of the collar. This enables the formica disks 
B to drive through friction against both faces of the gear which is free to turn on 
the collar, causing output pinion J to rotate. If the machine should jam and pin- 
ion J prevented from turning, the motor can continue running without overloading 
while slippage takes place between formica plates B and the gear. 
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Chart for Determining Load and Life 
of Ball and Roller Bearings 


Use of nomogram avoids interpolations and calculations to 
determine corresponding values for load, speed, and life of 
ball and roller bearing applications that fall between the val- 
ues for the sets of conditions listed in manufacturers' catalogs. 


IN MOST ball and roller bearing appli- 
cations the corresponding load, speed 
and life conditions required for design 
purposes are not identical to any one 
of the corresponding sets of conditions 
listed in the manufacturers’ catalogs 
for their different bearings. 

For example, the catalog may list 
loads for a manufacturer’s bearing at 
rated speeds of 2,000 rpm, 3,000 rpm, 
4,000 rpm, and 5,000 rpm. The oper- 
ating speed in a given application, 
however, may be 4,500 rpm. Under 
these conditions, the designer must 
calculate the corresponding values for 
load, speed, and life for the particular 
ball or roller bearing application being 
considered. 

Although the method of calculation 
and the factors that are required are 
usually contained and explained in 
the manufacturers’ catalogs, the corres- 
ponding values of load, speed and life 
can be determined more easily and 
more readily by graphical means with 
a Load-Life chart. 

The Load-Life chart on the opposite 
page is for bearings that are rated 
according to the classical bearing-life 
equation Ly = (C/P)®*, in which the 
life of the bearing varies inversely with 
the cube of the applied (equivalent) 
load. This method of rating includes 
the products of many manufacturers. 
For example, SKF, Kaydon, Torring- 
ton, MRC, Fafnir, and Norma-Hoff- 
man. It does not include New Depar- 
ture, Timken and other manufacturers 
who rate their bearing life using an 
exponential factor other than the cube; 
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for example the equation Ly = (C/P). 

If there is any question about the 
practice a given manufacturer uses, 
the method of rating can usually be 
found in the preliminary or engineer- 
ing sections of his catalogs or by writ- 
ing the company. 

The procedure for using the chart on 
the opposite page consists of finding 
the specific dynamic capacity of the 
ball or roller bearing, and then using 
the specific dynamic capacity and any 
two of the three conditions (load, 
speed and life) to find the third. 

In those applications where the spe- 
cific dynamic capacity is not listed in 
the catalog, the specific dynamic ca- 
pacity can be found graphically from 
the chart, using any three correspond- 
conditions of load, speed and life that 
are listed. 


Example 1: 

Determine the bearing specific dy- 
namic capacity for the following con- 
ditions that were taken from manu- 
facturer's catalog for a particular bear- 
ing: 4,000 Ib load, 3,000 rpm, and 
2,000 hr minimum life. 


Solution: 

Proceed as follows on the chart: 

(1) Locate the intersection of the 
vertical 2,000 hr minimum life line 
and the diagonal 3,000 rpm line in 
the speed-life graphical field. 

(2) Project this intersection point 
horizontally to the right to the vertical 
200 hr minimum life line. See dash- 
line on chart. 


(3) Locate 4,000 lb along the 
Equivalent Load Scale. 

(4) Construct Line 1 between the 
points located in steps (2) and (3). 

(5) Specific dynamic capacity value 
of 28,500 Ib is obtained by reading the 
value at the intersection of Line 1 and 
the Specific Dynamic Capacity Scale. 


Example 2: 

With the specific dynamic capacity 
given or found as in Example 1, de- 
termine the life of the bearing in an 
application having an equivalent load 
of 5,000 Ib, and operating at 4,500 
rpm. The specific dynamic capacity is 
28,500 pounds. 


Solution: 

Proceed as follows on the chart: 

(6) Locate the 5,000 Ib equivalent 
load along the Equivalent Load Scale. 

(7) Locate 28,500 Ib along the 
Bearing Specific Dynamic Capacity 
Scale. 

(8) Construct Line 2 through the 
values that were located in steps 6 
and 7, and extend this line to intersect 
the vertical 200 hr minimum life line. 

(9) Project the intersection point 
found in step (8) horizontally until it 
intersects the diagonal 4,500 rpm 
speed line (see dotted line). 

(10) The minimum life value of 
680 hr is then obtained for the par- 
ticular application and bearing being 
considered, by reading the value at 
the intersection point found in step 
(9) with respect to the vertical life 
lines and the Minimum Life Scale. 
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Developments to Watch 


FRICTION MATERIALS . . . Most 
friction materials are usually evolved 
in a step-by-step change from a known 
friction material. Recently there have 
been several developments in the use 
and design of new friction materials 
for wet and dry applications that are 
basic developments in their own right 

In conventional friction material, 
the properties of the binder resins are 
most important since the binder is the 
main organic material that is subject 
to failure by combustion. Recently 
resins have been developed that have 
a metal-chemical radical incorporated 
in the resin molecule. Incorporated 
metals vary and may be chromium, 
iron, manganese, or other metal. Each 
metal radical produces different char- 
acteristics, but all resins containing 
them have an appreciable increase in 
heat resistance over those previously 
used. In aircraft work and in places 
where soaking heats are encountered 
and where the heat penetration is con- 
siderable, linings made these 
resins show substantial advan- 
tages the non-metallic-carrying 
resin binders. 

A new woven type material is of 
interest. Application for it is found in 
the oil fields where long severe en- 
gaging times are encountered, which 
soaks heat into the lining to such an 
extent that the binder breaks down. 
Where the mating steel drums are 
water cooled and are designed to draw 
off most of the heat, it has been found 
that if the metallic wire is left out 
of the yarn in the surface plies of the 
woven asbestos friction material the 
heat absorbed into the friction mate- 
rial is reduced 


with 
many 
over 


Thus increases in wear 
resistance are obtained 

In the sintered metal field, develop- 
ment work is centering on iron-base 
alloys, the primary reason being econ- 
omy. Previously, most iron powder 
was imported, but now large capaci- 
ties for production, or in the course 
of construction, are installed in this 
country. Some of the iron base mate- 
rials developed have proven to be ex 
cellent friction materials, particularly 
in regard to stability of friction and 
resistance to wear. 

There are two distinct 


iron-based 
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families of 
sintered-metallic friction 


material, The first comprises an iron- 
carbon matrix containing friction ele- 
ments, whereas the second comprises 
a substantial amount of iron powder 
bonded together with a copper-tin 
powder. The bronze bonded material 
has the advantage of heat conduct- 
ance, and the full sintered iron a slight 
price advantage. 

Both of these materials are being 
used in both wet and dry operation. 
It should be noted, however, that in 
the dry application the mating mem- 
ber is a bronze sintered metal. In a 
sintered iron to steel application, study 
should be made from a 
standpoint. 

The successful use of ceramic ma- 
terial by the aeronautical industry has 
focused attention on the possibilities 
of ceramics for friction materials. At 
present there are three basic types of 
ceramics available for test. One is a 
derivative of the sintered metal family 
and comprises a sintered metal matrix 
containing ceramic particles. Another 
is composed of a ceramic base in which 
a metal is entrapped. The third type 
is the pure ceramic either with or 
without friction additives. 

As a result of these many new de- 
velopments, designers can look forward 
to considerable improvements in fric 
tion brake linings and brake designs. 
With heavier loads and increasing 
speeds, particularly in services where 
frequent stopping and starting are re- 
quired, the largest determining factor 
in the cost of the braking system is 
the amount of maintenance required. 
In addition to the direct cost of main- 
tenance, the indirect cost for lost time 
of the machine or vehicle is usually 
considerable and of some importance 


corrosion 


SPLINES FOR HIGH TORQUE 

. . Splines are extremely useful and 
are far superior to keys for the mount- 
ing of cylinders on shafts where high 
torques must be transmitted. However, 
the cost of machining splines on the 
shafts is several times that of cutting 
a single keyway. Cutting the spline 
in the bore of the wheel hub «an be 
done economically by broaching. Now, 
however, there has been developed a 
technique by which the splines are 
rolled formed onto the shaft. The 


operation is quick and economical. 
This process opens the way for a much 
wider adoption for the spline mount- 
ing of wheels on shafts. Incidentally, 
a number of foreign machine tools use 
spline mounting for many of the gears 
on a machine. The contsruction is 
more rigid and more efficient. 
Friction mounting of cylinders on 
shafts is becoming more popular and 
the system is being extended to 
cylinders of larger diameter and a 
greater torque Carrying capacity. This 
system has many advantages, the 
principal one being that it is extremely 
easy to mount the wheel upon the 
shaft, the shaft requiring no keyways. 
Another advantage is that with this 
type of mounting it is possible to 
use a smaller diameter shaft because 
the shaft is not weakened by keyways. 
Of course the coefficient of static fric- 
tion is a limiting factor. This coeffi- 
cient of friction depends upon the 
nature of the surfaces in contact. In 
fact, under certain conditions it ceases 
to be a question of coefficient of fric- 
tion but reduces to a question of the 
shear. strength of the material at the 
gripping surfaces of the parts. 


FOUR BAR LINKAGES... . Cams 
and cam followers are the most com- 
mon method for obtaining nonuni- 
form rates of displacement and mo- 
tion. However, at high speeds there 
is always the danger of the cam fol- 
lower jumping away from the cam. 
To confine the cam follower in a 
track, often leads to a highly expensive 
construction and a clumsy arrange- 
ment. All of these difficulties can be 
avoided by using a linkage system in 
place of the cam and cam follower. 
The conventional four bar linkage 
can produce almost any desired motion 
including dwells. Of course the layout 
in the design of such a linkage is con- 
siderably more difficult than the de- 
sign of a cam mechanism. The end 
result, however, is far superior where 
high speeds are concerned. 


POWER TRANSMISSION UNITS 

German engineers are again on the 
march. Latest reports have it that they 
have developed a whole line of new 
power transmission units for variable 
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speed drives. And of course they can 
undersell American manufacturers. We 
are expecting some one to suggest that 
U.S.A. shall cultivate a higher standard 
of living for the Germans in order to 
force higher wage rates in that country 
and thereby narrow the gap between 
German and American costs. Others 
will suggest higher tariffs. Product En- 
gineering stays neutral. 

Clutches and couplings still have 
much room for improvement. The 
torque speed characteristics of indus- 
trial fluid couplings are often at con- 
siderable variance with the torque- 
speed curve of the driving motor or 
engine. Now comes a manufacturer 
who threatens to announce soon a 
centrifugal mechanical clutch that is 
easily adjustable to the requirements 
of the drive. That means another 
swing of the pendulum; manufacturers 
of other types of couplings will now 
improve their units to give them a 
wider range of efficient application. 


SPOT TESTING OF BEARING 
SURFACES ... Fatigue patterns, dirt 
tracks, eroded areas, burnished areas, 
and varnished areas all give valuable 
clues to troubles that are of concern 
to bearing designers and lubrication 
engineers. 

A number of questions, however, 
cannot be settled by visual examina- 
tion. They include the composition of 
a bearing alloy, the segregation of the 
constituents, the porosity of an over- 
lay, or the identification of embedded 
particles. 

Electrographic spot testing provides 
reliable answers to such questions. 
The technique is completely straight 
forward, requires no highly trained 
personnel or elaborate equipment. The 
method is quick, non-destructive, and 
provides a permanent record. 

An improvement in the Chemical 
Contact Print Method that is appli- 
cable to surfaces which are conducting 
and ionizable is the use of electrolytes 
instead of dissolving agents and elec- 
tro-decomposition instead of diffusion. 

Paper moistened with a suitable 
electrolyte is pressed between the ma- 
terial to be studied and an inert con- 
ductor such as aluminum or platinum 
foil Metal ions are then caused to 
migrate into the paper as a result of 
internal electrolysis or by making the 
material anodic and the backing con- 
ductor cathodic. Prints are developed 
by the use of suitable reagents. 

The advantages of the method are 


that it uses inert electrolytes and hence 
it is easy to control. A finished print 
may be prepared in a few seconds, 
thus lateral diffusion is minimized. 

Quantitative analysis of bearing 
alloys may be carried out electro- 
graphically if the procedure is stand- 
ardized and if suitable calibrating 
specimens are available. In general, 
however, the electrographic method is 
most satisfactory as a means of quali- 
tative analysis. 


BETTER LUBRICANTS NEEDED 
Considerable knowledge of EP 
lubricants has been gained as a result 
of the many high torque low speed 
tests which have been conducted. These 
data confirm the assumption that if a 
lubricant is a good gear lubricant, it 
will also be a good roller bearing 
lubricant. In both services, foaming is 
undesirable and corrosion cannot be 
tolerated. If wear occurs on gears, 
tests show that bearings will also wear. 
One of the most interesting bearing 
applications is that of the cylindrical 
roller bearing as applied to aircraft 
gas turbines. Operating requirements 
have forced the development of new 
steels and new cage materials. It is 
probable that the next few years will 
see some interesting design innova- 
tions. D-N values (bore in millimeters 
X rpm) close to two million, tem- 
peratures of 600 F, rubbing velocities 
of 9,000 feet per minute, and loads 
of very small magnitude all combine 
to give roller bearing manufacturers 
one of their most difficult assignments. 
The development of steels cage ma- 
terials, and new design give no ad- 
vantage unless there is a lubricant that 
will permit operation with these in- 
novations. At present, lubricants are 
needed that will allow operation at 
700 F. The bearing companies are pre- 
pared to furnish bearings that will 
stand this temperature if they can be 
lubricated. In addition to the devel- 
opment of such a lubricant, more work 
needs to be done by bearing manu- 
facturers, engine builders, and oil 
companies to devise better means of 
getting the lubricants employed to crit- 
ical surfaces of bearings and journals. 


SINGLE ROW RADIAL BALL 
BEARINGS ... In the early days of 
the bearing industry, most single row 
radial bearings were assembled to end 
play specifications primarily because 
end play is always much larger than 
radial play and hence easier to meas- 
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ure. It is now recognized that the 
functioning of the bearing depends to 
a greater extent upon the radial play 
than the end play, and the modern 
tendency is to assemble bearings to 
radial play. 

Recent developments in measuring 
technique have made this entirely 
practical. Bearings which are tight or 
furnished with a radial preload are 
assembled to end play specifications as 
are some of the larger size bearings. 

There is a definite relation between 
radial play, end play, and the respec- 
tive gaging loads that depend upon 
the internal design configuration of 
the bearing. Either radial play or end 
play can be held to close tolerances. 
Because of necessary manufacturing 
tolerances, however, it is not practical 
to hold close tolerances simultaneously 
on both radial play and end play. 

Internal clearance in a ball bearing 
has a definite effect upon its proper 
functioning after it is mounted. Good 
mounting practice generally specifies 
a slight interference or press fit for 
the rotating ring. Because of the slight 
elasticity of bearing rings, the press 
fit causes a slight change in the rela- 
tive diameters of the race grooves in 
which the balls operate. Thus any 
loosenes or clearance within the bear- 
ing is reduced when one of the rings 
is press fitted. 


AIR BEARINGS . . . Much interest 
is still being given to bearings that 
are lubricated with air. This interest 
is centered around the two major ad- 
vantages that are obtained through the 
use of air as a lubricant. These ad- 
vantages are freedom from contamina- 
tion by the lubricant and the low 
power lost in friction. 

Danger of dripping, soiling or con- 
tamination by the lubricant is com- 
pletely avoided when air is utilized 
as a lubricant instead of oil or grease 
in a bearing. The elimination of drip- 
ping and soiling hazards is of great 
importance in many applications such 
as food processing machinery, thread 
and textile machines, and in the chem- 
ical industries. 

Air lubricated bearings are presently 
used over wide ranges of speed, from 
very low to as high as 80,000 to 100,- 
000 rpm. They have been designed as 
both journal bearings and thrust bear- 
ings. Both types have been lubricated 
by the normal hydrodynamic action of 
air or by the hydrostatic introduction 
of air at elevated pressures. 
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It pays to rely on LINK-BEIT- - 
ONE SOURCE... 


ONE RESPONSIBILITY 


or power transmission machinery 


There are important advantages in filling your me- 
chanical power transmission requirements from one 
proved source. First, of course, is the convenience to 
you from a purchasing standpoint. Consider, too, the 
correct integration of every component—with no ele- 
ments under- or over-rated. But you get more than 
this when you call in Link-Belt: 

(1) Link-Belt builds a broad range of types and 
sizes in every category. There's no necessity to fit our 
recommendations to a limited line. 


(2) Every product of Link-Belt is built to the 
highest standards of quality. Each offers you impor- 
tant engineering features (see page at right) that 
spell longer life, lower costs for you. 

(3) Link-Belt offers vast knowledge of modern 
industrial requirements plus unequalled power trans- 
mission application experience. 

Add them all up. They're the reasons why it pays 
to rely on Link-Belt. For complete information, call 
the Link-Belt office nearest you. 
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Look for 
the darkened 
rollers 


Be sure you get the 
Roller Chain 


with shot-peened rollers 


Shot-peened rollers assure you of extra fatigue 
life — just one of the extra-wear features you 
get with Link-Belt Precision Steel Roller 
Chain. Link-Belt builds a complete line — 
single or multiple widths in 344” to 3” pitch 
. » . double pitch, 1" to 3". 


For high-ratio reduction 
with right-angle takeoff 


--Worm Gear Drives 


Line includes large range of sizes and types 
in single and double worm reductions, also 
worm and helical gear combinations for hori- 
zontal or vertical mounting. Compact, stream- 
lined, automatically lubricated for quiet de- 
pendability. Built in ratios up to 8000:1. 


P.I.V. gives you 
positive, infinitely 


variable speed control 


Increase the flexibility and efficiency of your 
machines with P.I.V., the variable speed drive 
thats not dependent on friction. Self-tooth- 
forming chain grips toothed wheels positively 
without slippage, gives the exact speed you 
need from maximum to minimum. 


LINK: : 


'-BELT 


LINK-BELT Silent Chain - - the 
proved way to transmit 


high hp at high speeds 


On thousands of applications, Link-Belt Sil- 
verstreak Silent Chain Drives have proved 
their effectiveness and durability. High hp 
and high speeds are delivered with the same 
trouble-free efficiency (over 98%) as are less 
demanding loads. 


For high-hp reduction 
with heavy shock loads 
-- Parallel Shaft Drives 


Single, double and triple reductions. Simul- 
taneous engagement of several teeth assures 
smooth, high load carrying capacity. Elimi- 
nation of vibration reduces power consump- 
tion. All roller bearing equipped with oil- 
tight housings. Built in ratios up to 318:1. 


LINK-BELT offers the 
Coupling that’s right 
for every job 


No matter what your shaft connection require- 
ments — from light to heavy loads, from low 
to high speeds — you can match them with a 
Link-Belt coupling. Flexible, rigid, compres- 
sion, gear and fluid types for “4, to 12-in. 
shafts—light, medium or heavy duty. 


No oneChain serves 


every purpose - - choose 
from complete LINK-BELT line 


Link-Belt offers no single “cure-all” chain to 
handle every job. From the most complete 
line of chains and sprockets, we can recom- 
mend the best type to fit your requirements 

. of cast, combination, forged and fabri 
cated steel. 


Where mounting space 
is restricted -- use 
LINK-BELT Gearmotors 


Motor and helical gear drive in one compact 
assembly. Double or triple reduction. Gears 
accurately cut from heat-treated alloy steel 
Ball and roller bearings for shaft support 
Shaft openings sealed to keep lubricant in, 
dirt out. Built in ratios up to 292:1 


LINK-BELT Ball and Roller 
Bearings serve America's 
hardest-working machines 


Precision-built Link-Belt bearings give you 
longer life and extend lubricating schedules 
There's a Link-Belt bearing for almost every 
industrial service — pillow, flanged, flanged 
cartridge, cartridge, hanger and take-up blocks, 
as well as unmounted bearings. 13.596 


LINK-BELT COMPANY: Executive Offices, 307 N. Michigan Ave., 
Chicago 1. 
Sales Offices, Stock Carrying Factory Branch Stores and Dis- 
tributors in All Principal Cities. Export Office, New York 7; 
Canada, Scarboro (Toronto 13); Australia, Marrickville, N.S.W.; 


To Serve Industry There Are Link-Belt Plants, 


South Africa, Springs. Representatives Throughout the World. 


ONE SOURCE ... ONE RESPONSIBILITY FOR POWER TRANSMISSION AND MATERIALS HANDLING MACHINERY 
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Why sho) 7 REEVES | 
ground * 


wy 


hod 
or Motor Pulley 


NTransmission 


Flexi-Speed 


Motodrive 


— Variable Speed 


disc assembly 


Recognized Leader 


i j i Any standard —* k; ` J Optional 
in the specialized ies is 3 Optional 


location 
motor A A. 4 
rd Constant sais 


field of variable disc assembly 


REEVES FLEXI-SPEED . . . with new low speeds! 


Amazing new Flexi-Speed is but one outstanding example of the complete line 

speed control of Reeves Variable Speed Drives. Now available with output speeds from 300 
rpm to 4800 rpm-— speed ratios as great as 8:1. Combines efficiency, versatility 
and low price. 
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offers the only complete line of variable 


speed drives and automatic controls 


Controlled- 


ji 
Acceleration 


"e 


FI 


Electric Remote 


> 
g 


m 
Avuto-Tens 


| 
Lame Auto-Pneumatic 2 


RO g 
th SS , Pneumatic ) 
Hydraulic ( < 


FREE! REEVES New Automatic 
Production Control Booklet — Specify 


K4H-G537 





IT'S AS 
SIMPLE AS THIS... 


1. Standard Pneumatic Controllers — I^ E , 

measure changes in heat, pressure and d AA 4 

practically any other variables. I Ü " T3 1 

2. The slightest change noted by the ifi T 


UY P gk 
controller is relayed by air pressure to - — Mie Output rpm 


the REEves Motodrive. 





3. The Reeves Motodrive automati- . 
cally changes speed to compensate for - LINEAR OUTPUT SPEED— necessary to 
L. retuze> - most control applications—assures 
y — res exactness for proportioning and gives 
precise speed control throughout tbe 


REEVES AUTO-PNEUMATIC CONT ROL entire range oí the Motodrive. 
for regulating flow, pressure, heat, etc. 


REEVES PULLEY COMPANY * COLUMBUS, INDIANA 
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10 years driving hydraulic pump operating 
heavy keyway broach... maintenance zero. 


Ajax Shear Pin Couplings eliminate dam- 
) age to costly machinery due to heavy loads. 


Showing Ajax coupling driving coal pul. 


verizer in large generating plant. 


ASSEMBLED VIEW 


RUBBER- did Bushe 
FLEXIBLE COUPLINGS 





SET SCREW 


+—KEYWAY 


GRAPHITED BRONZE 
BEARING 


DRIVE STUD 
FLEXIBLE RUBBER 


BUSHING 
_— FLANGE 


Ajax Rubber-Bronze Bushed Bearings and hardened steel studs 


provide flexible yet positive drive. Bearings are self-lubricating... 
maintenance zero. Their performance record for over 30 years 
has made them standard of industry as original factory equip- 
ment. Made in standard, shear pin, mill motor, brake drum, bolt 
on and other types. Write for catalog. 


Sm a 


DRIVING STUD 
RUBBER-BRONZE 
BUSHING 


AJAX KNOWS COUPLINGS 


AJAX FLEXIBLE 


SEPARATED HALVES 


—F r 


Manufacturers and users are find- 
ing that Ajax Dihedral Couplings 
provide protection against mis- 
alignment heretofore considered 
impossible. By eliminating the 
necessity for precision alignment 
of driving and driven shafts, they 
reduce costs of machine design, 
manufacturing, installation and 
maintenance. 


They have been proven under 
severe conditions such as encoun- 
tered in rolling mills, cranes, on 
oil rigs and many other heavy 
duty installations. 









DIHEDRAL Gear Type 
COUPLINGS 





Coup- | Maxi- 


LEAST BACKLASH © MOST MISALIGNMENT 
CAPACITY * ALL GEAR TEETH HARDENED - A- 
TO 50-55 ROCKWELL C. 


More tooth area is in contact under mis- 
alignment than is possible with any other 
shape of tooth. Load is carried at center 
of teeth at the point of greatest strength. 24 | 260 
No end-of-tooth contact to resist free end- 5 2, | 350 


float. All teeth are case hardened by in- X | 24 | < 
e .600 | 6v; | 34 | 05 
duction combining hard wear surface with 700 | 74 | MA | 965 


tough core. Positive seals keep lubrication -= 
in and dirt out. 


Ofthet  iAisclignment 


Above table gives basic sizes 


Made in standard, mill motor and floating and capacities. 
shaft types. Write for Catalogs. se] 
a ' r ° 
one Sen 
S * NT. M 


COUPLING CO. INC. «su, nx. 


$e! ond Anquio: Misalignment 


STANDARD 
ASSEMBLY 


THE KZ -NMEM “e” LINE... 


provides greater capacity in less space. 


T 


SPECIAL SPECIAL 
ASSEMBLY ASSEMBLY 
I-LR I-R I-L 


SHAFT ARRANGEMENTS 


— 


1 
x 


T 


SPECIAL 
ASSEMBLY 
I-LD 


SPECIAL 
ASSEMBLY 
I-RD 


STANDARD 
ASSEMBLY 
I-RU 


SPECIAL 
ASSEMBLY 
i-LU 


3 NEW DESIGNS each now available in first 5 sizes 


TOP RATED HORSEPOWER AND 

TORQUE OUTPUT 

Both input and output shaft diameters are increased in 
size to handle greater loads. All units are equipped 
with gears, bearings and shafts rated for AGMA 
Class 1 Service. 


INCREASED OVERHUNG LOAD CAPACITY 


Larger input and output shafts plus larger and stronger 
bearings also provide a greater chain pull capacity. 


EXTRA RUGGEDNESS FOR LONG SERVICE 


Special nickel phosphor bronze, used exclusively in 
Winsmith Worm Gear Speed Reducers, has 100% 
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greater nickel content than bronzes commonly used for 
gears. It has the greatest strength of all the phosphor 


bronzes. 


STURDY, ONE-PIECE HOUSINGS 
Housings are of sturdy, one-piece construction rigidly 
reinforced to provide secure mounting — hence, smooth, 


vibrationless operation. 


COMPACT SPACE-SAVING CONSTRUCTION 


Greater economy per horsepower dollar is afforded. 
Installation, as well as space problems in machine 


design, are simplified. 


Product Engineering — 1955 Annual Handbook 





EM. WINSMITH WORM GEAR SPEED REDUCERS 
e... Simplifies machine design 


Is compact design your problem? Winsmith 
has the answer with the all-new “C” line of 
worm gear speed reducers ...a noteworthy 
addition to the other, long established 
Winsmith lines which will continue to be 
manufactured. Each of the three new designs 
(“CB”, “CT” and “CV”) included in this com- 
plete line, is now available in 5 sizes and each 
has been developed to provide greater 
capacity in less space. Check the key features 
of these new reducers. Find out how they can 
be employed to advantage in your equipment 
and machines to meet requirements within 
the 1/100 to 5 hp range in ratios of 5 to 1 
to 60 to 1. 


WRITE FOR COMPLETE DESIGN DATA 


SHAFT ARRANGEMENTS Make sure you have the facts 
— — £ on file for ready reference. 
n (| | | Illustrated Bulletin HW654 
= Li | | including detailed dimen- 
inn ti EE sion drawings, specifica- 

[ | tions and rating tables 
STANDARD SPECIAL SPECIAL fer the now "C" line 
ASSEMBLY ASSEMBLY ASSEMBLY will be sent on request 

HR Fa 9» . . . promptly, with- 


- 


J 
| 
| 
| 


out obligation. 


WINSMITH, INC. SPRINGVILLE (Erie County), N. Y. 


THE MOST COMPLETE LINE WITHIN ITS RANGE OF 


1/100 TO 85 HP IN RATIOS OF 1.1:1 TO 50,000:1 


—ss EE E 
i — UP moment ANLE e 


DIFFERENTIAL, WORM GEAR, HELICAL GEAR AND WORM HELICAL UNITS 
— 


Im 1 É | f 2 k: M d 
A} | T 1h É f š — tee fa — = A í 
qu di i — «D ESD eA 

LA | oY GI ck Ae Mr. 


—N-H 
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AP 


...0 design and 


manufacturing 
service on 
precision and 
commercial gears 
in any quantity 


GEARS . . . of all types for application to all classes of 
equipment — precision and commercial quality — any 
quantity—light or heavy duty—for low or high speeds— 
designed and fabricated to exacting specifications—this, 
briefly, describes the service behind "TECH GEARS." 
Ability to render such complete, technical and manufac- 
turing service is made possible through an engineering 
staff of gear specialists, and a modern plant with com- 


plete facilities for producing gears accurately, efficiently 
and ecoaomically. 

Our engineers will work with you through every stage 
of development and application—from drawing board 
to final assembly and testing if the application is such 
as to warrant such final supervision in a user's plant, to 
the end that "TECH GEAR" performance is 1006 satis- 
factory. 


Your inquiries are invited and will bave our prompt attention. Our estimates on your 
requirements incur no obligation. Send specifications or drawings, giving quantities. 


TECHNICAL PRODUCTS CO. INC. 
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WEST CONCORD, MASS. 


Design V-Belt Drives with latest 


LATEST RMA HORSEPOWER RATINGS 


OFFER POSSIBLE 


By using higher ratings in the popular 
speed ranges, in many cases fewer belts 
and fewer sheave grooves can result in 
lower costs. Adequate safety margins are 


still included. 


9 New horsepower ratings for standard 
and Hy-Load premium V-belts 


9 Two new correction factors: length 


correction and small diameter factors 


® Standard sheave sizes and standard 
groove dimension sheaves 


COST SAVINGS 


Durkee-Atwood offers you the first Indus- 
trial V-belt catalog published with new 
increased horsepower ratings approved by 
the Rubber Manufacturers’ Association. 
Technical information includes: 


9 New revised pre-engineered drive 
tables 


® General duty V-belt engineering in- 
formation 


@ Sections on Open End V-belting and 
Link-type V-belting and VV-belts 


FOR YOUR FREE COPY CATALOG D161A WRITE DEPT. 411, 


Durkee-Atwood Co., Minneapolis 13, Minn. Separate catalog information also 
is available on Durkee-Atwood Industrial V-sheaves, Light 
Duty type Catalog D172 and QD type, Catalog D170. 


Form No. 552 


DURKEE 
ATW00p DURKEE-ATWOOD CO. 
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Designed for 


RUGGEDNE S S ana 
DEPENDABILITY 


For more than a quarter of a century Clark power transmission 
engineers have been thinking in terms of performance and out- 
standing dependability. 


That's why, when you have a transmission, drive unit, or axle 
problem, you can find a solution by calling Clark. Seasoned, resource- 
ful Clark engineers are always available to work with your engineers. 
Over the years dozens of manufacturers have found this ''team- 
ing-up" to be the quickest, easiest 
way to be certain of superior 


performance. M 2 aJ 4 
You'll find IT’S ALWAYS GOOD 


BUSINESS TO DO BUSINESS EQUIPMENT 


WITH CLARK. 


* TRADEMARK OF THE CLARK EQUIPMENT COMPANY 


CLARK EQUIPMENT COMPANY 
Buchanan, Michigan 


{ Write for this 


new 36 page book 
illustrating and 
describing the 
products and 
facilities of CLARK. 
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Atlanta, Ga. Clevel : — Following Cities 
Birmingham, Ala IE n Milwaukee, Wisc. Pitt 
Boston, Mass, Deiroit M E Minneapolis, Minn. 2 NN P. Cuba 
ON N. Y. ti es LE New Orleans, La. Salt —* T Havana 
attanooga, T 7 New Y ake City, Utah i 
Ch ga, tenn. Jackson, Miss, w York, N. Y. Seattle, Wast Mut 
icago, liL Los Angeles, C North Kansas City, Mo, Tul — Mexico City 
m Philadelphia, Pa. “aa ^ Hawaiian Islands 
DOMINION oF C ashington D.C, Honol 
ANADA nolulu 
Jeffrey Manufactur 
ing Company, L GENERAL FOREIG 
Montreal, Toronto, Hamilton, Helitax Overseas Export — E at 
, , - 97th Street 


WRITE FOR C N 
et OMPLETE INFORMATION NOW! You can aiii ew York 19, New York 
ull details 











Commercial Gears . . . Foote 
Bros. has complete facilities 
for producing bevel, worm, 
spur and helical gearing 
(straight tooth, spiral, hypoid, 
zerol and coniflex). Made of 
iron, steel or bronze and non- 
metallic. Gears up to 20 ft. in 
diameter! 









SEE FOO 


~ Tòr quality You can tryst! 


Worm Gear Sets . . . 15 stand- 
ard ratios, up to 93 horse- 
power . . . for all worm gear 
requirements. A wide selec- 
tion of worm gear shafts, bear- 
ing caps, spacers, gaskets and 
shims also available. High 
quality, precision-made for 
longer life. 











Horizontal Hygrade Drives... 
Heavy duty enclosed worm 
gear drives, incorporating pre- 
cision processed worm gear- 
ing that assures high efficiency 
and load carrying capacity. 
Single, helical-worm and 
double worm reductions. Ra- 
tios from 414 to 1, up to 4108 
to 1; capacities up to 260 h.p. 


aS D Peele) 


TE BROS. FIRST 
-2 Complete line fòr every need? 





Vertical Hygrade Drives . . . 
Similar in design to Horizontal 
Hygrade models, but with ver- 
tical output shafts projecting 
upward, downward, or both. 
Available in single reduction, 
helical-worm or double-worm 
reductions. Ratios from 414 to 
1, up to 4108 to 1; capacities 
up to 260 h.p. 









Maxi-Power Single Reduc- 
tion Drives . . . Helical gear 
drives with improved accu- 
racy of gear tooth generation, 
higher quality materials, spe- 
cialized heat treatment, and 
modern design for rugged 
service. Ratios from 2.08 to 
9.91 to 1; capacities up to 
1550 h.p. 


hottie. me 


Maxi-Power Double and 
Triple Reduction Drives .. . 
Similar in design and quality 
features to single reduction 
model. Double reduction in 
ratios from 9.32 to 70.93 to 1; 
capacities up to 1108 h.p. 
Triple reduction in ratios from 
78.9 to 360 to 1; capacities up 
to 420 h.p. 


Hytop Design Vertical Hy- 
ade Drives . . . Has all the 
eatures of the regular Vertical 
Hygrade Drives plus exclusive 
Hytop design with wider, low 
speed bearing span to accom- 
modate long, unsupported 
output shaft extensions. 


Worm-Helical Gear Drives... 
Ideally suited for heavy duty 
service wherever horizontal 
input and vertical output 
shafts are required. Available 
with ratios from approx. 25 to 
285 to 1 and capacities up to 
128 h.p. 





P — 
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mu *l ua -0-Power Ri K Angle Line-O-Power 
her capacity, Driv . Similar to straight 
Ed a longer li line its but with horizontal 


Rated Ue i — The input and ve 
s ideal for shafts. Available with stand 


com 
use on original equipment. ard or extended output shaft. 
Available in double and triple Ratios from 20.9 to 2726 to 1; 


ions with ratios from 5 capacities es from 1⁄4 to 50 h.p. 
to 1, u to 238 to 1; capacily Also available for flange 


range from 1 up to to 200 h.p. mounting. 


equipped with ` 
FODTE BROS. 


: Dutt-Ratšd 
$ LIFETIME. GEARING 


Oliways look for thù trademark 


on 
all quality geared equipment you buy! 


unique a 
om sar oh ec qe development by Foot , 
Despit eir vast aircraft-quality — * 
pite greatly reduced mass que mam. 
— ———— AN 


, these gears have much 


longer life, hi 
, higher capacity — — 
or P p and gre 22 
dinary industrial gears. In many LE aA e "Balter Power Taari Power 
' w e ife 


y ss g 
time Gear scan actuall cost le than other ears of similar 


: 2 oox Teat, Gozae Zoan. Getler Bears 
pacity! When nothing else but the best will do 


insist on Foote Bros. Duti-Rated Lifet +++ alway FOOTE BROS. GEAR 
uti-Rated Lifetime Gearing! di I AND MACHIN 
g 4545 South Western Blvd. » ns TR 


Vertical Foote Bros.— Louis Foote e. lt ame 


Allis Gearmotors . . Similar Gearmotors i-Rat 
d Louis Allis motors. Uni- Mount Line-O-Power Base- Mount Line-O-Power 


horizontal units, "but avail- Gears an 
ndard or extend- u sizes in single, double of Drives . . . Foote Bros. regular . Regular straight n Line- 
wit 


reduction with speeds straight line Line-O-Power Q-Power unit su 
from 780 to 7.51. : capac- ; ith specially designed I ed 
ity L. + — uding integrally 

enclosed and explosion-proof — 

motor enclosures available. 


Product Engineering — 1955 Annual Handbook 





^ 
FLEXIDLE 
SHA 


FLEXIBLE SHAFTS 


Make for simple grouping of 
working units and insure quiet, smooth 


trouble-free operation. 


Flexible shafts offer a more 
economical construction and lower main- 


tenance cost. 


Direct alignment in remote con- 
trol or power transmission around cor- 


ners is a saving in space and operation. 


Write on your letterhead for our 


Flexible Shaft Manual PE 


* 13 RAVENSWOOD AVENUE * CHICAGO 13, TM a» 
WEST COAST PLANT: 1638 So. Flower Street, LOS ANGELES 15, CALIFORNIA. (CHE) $ 
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YOUR PRODUCT 
a 
LIEBER RT IP 


l 
1 
FAWICK AIRFLEX  ,... xo 


CLUTCHES AND BRAKES "7^ Qam. 
It will pay big operating dividends to insure the per- THESE FAWICK FEATURES WILL 


formance of your finished equipment by specifying per- IMPROVE PRODUCT PERFORMANCE 


formance-proved Fawick Airflex Clutches and Brakes. 


Fawick wil provide the machine you design with 
exclusive Airflex clutch and brake features that will in- 
sure compact installation and exceptional performance. e 

The simple, rugged Fawick design eliminates all SELF-ADJUSTMENT FOR WEAR 
mechanical linkages and other space-consuming com- 
ponent parts. e 

The smooth, dependable action of Fawick units pro- LONG LIFE—LOW MAINTENANCE 
vides fast, shock-free engagement, full power, and 
faster, more accurate machine production. Also, they 
are self-adjusting for wear, providing long maintenance- 
free operating life. 


FAWICK AIRFLEX DIVISION 


FEDERAL FAWICK CORPORATION 
9919 CLINTON ROAD . CLEVELAND 11, OHIO 


COOLER CLUTCH OPERATION 
* 
CUSHIONED DEPENDABLE ACTION 


For further information on Fawick Industrial 
Clutch and Brake Units, write to the Main 


Office, Cleveland, Ohio, for Bulletin 400-A. INDUSTRIAL CL HES AND BRAKES 
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YOUR HEADQUARTERS 
CAST CHAIN, STEEL CHAIN, SPROCKETS, 


You design with confidence when you specify from the 
complete CHAIN BELT Line of Chains, Sprockets, Cou- 
plings, Belt Idlers and Shafer Bearings. Over 60 years of 
manufacturing experience assure you top quality in every 
product. Shown here are a few of the most popular Chain 


° 


REX * ROLLER CHAIN —for high-speed power transmission and timing. 


REX CHABELCO* STEEL CHAIN —for drives and conveyors where 
loads are heavy and conditions severe. 


REX DOUBLE-PITCH ROLLER CHAIN —for drive and conveyor serv- 
ce where speeds are slow to moderate. 


REX PINTLE CHAIN —for drives and conveyors where speeds and 
loads are moderate. 


REX TABLETOP* CHAIN —a simple, flat top chain for conveying 
cans, bottles, jars, parts, etc. 


Belt Company Products, designed to help you cut costs... 
improve efficiency. For more information call your near- 
est Chain Belt District Sales Engineer, Distributor or 
write to Chaia Belt Company, 4630 W. Greenfield Ave- 
nue, Milwaukee 1, Wisconsin. 


REX LEAF CHAIN —for tension linkage applications. 


REX STEEL DETACHABLE CHAIN —for light drives and conveyors. 


REX BLOCK CHAIN —for tension linkages and light-load, low-speed 
drives and conveyors. 


REX COMBINATION CHAIN—a rugged chain popular for bucket 
elevator and heavy duty conveyor service. 


REX PLATETOP CHAIN—for conveying cans, bottles, jars, small 
parts, etc. 


AIN sexx 


Distributors in all principal 
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FOR THE BEST... 
ROLLER BEARINGS, COUPLINGS, BELT IDLERS 


REX CUT TOOTH SPROCKETS REX FLEXIBLE COUPLINGS 
— precision sprockets for use with —for long service life, maximum 
Rex Roller and Steel Chain. flexibilty, minimun backlash. I 


—— 


REX BELT IDLERS—a complete line of smooth rolling, long- 
lived idlers for every belt conveying service. 


REX CAST SPROCKETS —available 
in Rex Temperim * which increases 
service life of both chains and sprockets. 


REX FLAT SPRAY NOZZLES—Knife-like sprays 
of water for cleaning, cooling, descaling 
throughout all industry. 


Single Row i Ë Double Row 
Shielded Bearings "wy . | Shielded Bearings 


Shafer Single and Double Row Aircraft 
Bearings, high self-aligning capacity in com- 
pact size for all control-end applications. 


SHAFER ROLLER BEARINGS—self-aligning, 
carry the heavy loads, saving money and power. 
Available in pillow blocks, flange units, 

take-up units and five other types for 

standard or heavy-duty service. 


Chain Belt Company 52-511B 
4715 W. Greenfield Ave. 
Milwaukee 1, Wisconsin 


Gentlemen: 

Please send me your booklets entitled "Unusual Applications of 
Roller Chains,” “Conveyor Chains and Attachments,” "Care and 
Maintenance of Chain Drives and Conveyors,” “Highlights of 
Shafer Bearing Design.” 


COMPANY 


cities and abroad 


Company 


Address 


City and Zone 
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TAPER-LOCK SPROCKETS 
AND DODGE ROLLER CHAIN 


E50 


Costs less ~ Delivers more ! 


Distributor's stocks—in single reduction and 
double reduction series— with capacities from 
1 to 43 hp and output speeds from 12 to 330 
rpm. Standardize on this modern idea in speed 
reduction —it saves you money. 


DODGE MANUFACTURING CORPORATION, 1200 Union St., Mishawaka, Ind. 


Savings up to 33% ... efficiency up to 97% 
...are yours with this new and better kind of 
speed reducer. Proved in tens of thousands of 
installations, in all types of industry! 

This reducer is mounted directly on the driven 
shaft. No foundation, no flexible couplings, no 
sliding base required. No lining up difficulties. 
The torque-arm, fastened to any fixed object, 
anchors the reducer. Unit is driven through 
any V-belt drive. Stock Taper-Lock Sheaves 
prescribed for each job. Tri-Matic Overload 
Release and Backstop are available if desired. 


Torque-Arm Speed Reducers are sold from 


TAPER-LOCK SHEAVES 


DODGE TORQUE-ARM 
SPEED REDUCER 


/ 


of Mishawaka, Ind. 


Call the Transmissioneer, your local Dodge 
Distributor. Factory trained by Dodge, he can 
give you valuable assistance on new, cost- 
saving methods. Look for his name under 
“Power Transmission Machinery” in your 
classified telephone directory, or write us. 


DODGE-TIMKEN 
PILLOW BLOCKS 
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GET OUR TOO, 6-PAGE FOLDER 


See where and h mass-manufacture Small Gearing 
to uniformly fine tolerances. This attractively printed 814 
= 11” 6-page folder is punched for ring-binder use. You'll 
want to keep it handy for frequent reference. It contains 23 
pictures of Small Gears, plant views, as well as Diametral 
and Circuiar Pitch Tables. Ask for your copy on company 
stationery, please! 


FRACTIONAL Ho, 
, 


G. S. SMALL GEARS 


You'll never get stung with poor Gearing when you 

specify "G.S." For, each succeeding unit, in a run ° e 

of hundreds or thousands, is made with a degree of M It | à 
accuracy you never thought possible! This extreme p e C | LU le $, n C. 
precision is the result of thirty-eight years of doing 


ONE job Setter... making Small Gearing exclusively. 2635 WEST MEDILL AVENUE 

If you have a Small Gear problem, or use production CHICAGO 47, ILLINOIS 

runs in sizes from 12 to 96 D.P.—shift the responsi- à 

bility to G.S. You can do that with confidence . . . 

secure in the knowledge that assembly lines will SPURS * SPIRALS * HELICALS * BEVELS * INTERNALS 

run smoother. Rejects will no longer cause head- WORM GEARING * RACKS * THREAD GRINDING 

aches. And your product will run smoother— 

quieter—and live longer too! WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 
OF FRACTIONAL HORSEPOWER GEARING 
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a seal for every purpose! 


U niversal oil seals are precision built to han- 
dle all oil seal problems presented. High speeds 
or temperatures, extremely dry conditions, mis- 
alignment between shaft and bore, eccentricity 
of shaft diameter or movement, accumulation 
of dust and grit, all are causes of oil seal failure. 
Universal oil seals meet unusual mechanical 
demands and are designed in size ranges and 
types to accommodate all oil seal operations. 


Standard Type A-2 is stocked in a complete 
range of shaft and bore sizes from '4" dia. 
shaft with 34” outside or bore dia. up to 12" 
dia. shaft with 14" outside or bore dia. Special 
sizes ranging from '4" dia. bore up to 48" dia. 
shafts can be made to your specifications. 

It is our desire to provide the best possible 
oil seals at the lowest possible production cost. 
Perhaps we can help you with your oil seal 
problems. Your inquiries are invited. 


TYPE A- No. 2 shaft Rotates Inside of Seal 


The figure left illustrates the type of seal most fre- 
quently used for general oil sealing purposes. This model 
features a self-contained cartridge for easy removal and 
installation and a spring-type take-up for wear and 
correction of misalignment. Type A-2 oil seals and minor 
variations of this design are used in more installations 
than all other cartridge type oil seals combined. 


. Outer Cup—Formed accurately to provide a rigid 
container for the inner parts and to insure an oil 
tight press fit into the housing. 


. Inner Cup—Transmits proper clamping pressure to 
the outer surface of the packing member. 


. Packing Member—Tightly clamped in place to pro- 
vide maximum oil sealing protection with minimum 
amount of friction and power loss. May be made 
from leather or synthetic rubber, 


. Coil Spring—Insures uniform sealing pressure of 
packing on the shaft and provides automatic take- 
up for wear. 


. Compression Washer — Distributes pressure over 
packing surface and holds packing flat against 
outer cup. 
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\ariations trom our basic desiqus 


DUAL “A” 


TYPE “H” 


TYPE A-2R TYPE SF TYPE FA-2 


These are but a few of the many possible variations of our basic designs . . . 
write, wire or phone for our catalog and our free decimal equivalent decal. 


Telephone FEderal 2-9244 


UNIVERSAL OIL-SEAL COMPANY 
PONTIAC 12, MICHIGAN 


EIS 
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CROFOOT GEAR SERVICE 


Simplifies your problems in design and production 


YOU DESIGN-WE PRODUCE 


PRECISION GEARS 
OF ALL TYPES UP TO 12" DIAMETER 


With the availability of Crofoot Service, design engineers need 
not be limited in developing new products or improving existing 
ones simply because their own plant does nct ^ave facilities to 
produce such gears as are required. 

Nearly a quarter century ago the Crofoot organization rec- 
ognized the fact that production of precision gears was a highly 
specialized field and set up the facilities necessary for this class 
of work. Crofoot can therefore effectively serve as the gear 
manufacturing department of any shop in the metal working 
industry. Gears up to 12” diameter in all types, can be produced 
efficiently, accurately and economically. Our engineers are also 
available to assist in gear design. 


Ask for a “Crofoot” estimate on your gear require- 
ments in any quantity. Send specifications and bive 
pr ints. 


CHARLES E. CROFOOT 
GEAR CORP. 
SOUTH EASTON, MASS. 
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If yours is to be a Superior machine... 


pg a =f ec c —— 


It deserves the best variable speed drive 


GET. : 


the variable speed drive you can Depend on! 


COMPACTNESS. Only the Graham is built as a 
straight-line extension of a standard induction motor (or 
available without motor) — the ultimate in simplicity 


speed holding. The Graham may be held at the same 
setting for continuous operation — 24 hours a day for 
months or years, without alteration in speed, or its speed 


and compactness. 


UNLIMITED SPEED RANGE. Only the Graham gives 
unlimited speed range from any desired maximum speed 
to zero, plus reverse if wanted, without stopping the 
motor. 


BUILT-IN GEARBOXES. The Graham may be had with 
built-in reduction or step-up gearboxes — single reduc- 
tion or double reduction spur or single reduction worm, 
thus saving the cost and complication of separate gear 
units. 


may be changed continuously on jobs requiring cyclic 
speed change. On the tough jobs requiring the ultimate 
in accuracy the Graham gets the bid. 


NO PERISHABLE PARTS The Graham has no perish- 
able parts such as belts or tubes requiring periodic re- 
placement. It is an all-metal, self-lubricated unit, built 
like the highest type speed reducer. 


A PERFORMANCE RECORD. The Graham has a per- 
formance record of over fifteen years’ satisfactory use as 
standard equipment by leading makers of machines 
(OEM buyers) such as conveyors, feeders, white printers, 
pumps, welding positioners, machine tool feeds, test- 
ing machines, integrators, printing machines, etc., etc. 


Because 


UNMATCHED FOR ACCIHPAZY The Graham is un- 
engineered 
and rated for 


matched for accuracy of speed setting and resetting and 
continuous 


3) 4 
round the 
v 


Mail This Coupon NOW... 


GRAHAM TRANSMISSIONS, INC. 


DEPT. PE, MENOMONEE FALLS, WISCONSIN 
Gentlemen: Please send your latest catalog on Graham Variable Speed Drives. 


most reliable variable speed drive made Med 
clock service 


—— — — — — — — 


Pr 
* EN DO e U. t 


City... 2 — — — =D 
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THE HILLIARD LINEOF Clutches and Couplings 


e. SINGLE REVOLUTION œ 


USE: Rivet machines, snap fastener machines, shears, staplers, 
bottling machinery, cut-off mechanisms, indexing and feeding 
equipment, packaging processes or wherever controlled inter- 
mittent motion is necessary from a continuously rotating source 
of power. 


SPECIFICATIONS 


Made in 2 types and 11 standard sizes plus special designs to suit 
particular applications. 

Smallest standard size—1-13/16" diameter x 1-13/16" shaft length, 
3/8” bore, 1/20 H.P. @ 100 r.p.m., 2.6 foot pounds torque normal 
rating. Speed up to 275 r.p.m. under certain conditions. 

Largest standard size 17.1/2" diameter x 17.5/8" shaft length, 
bore up to 4-15/16", 176 H.P. @ 100 r.p.m. 9240 foot pounds 
torque normal rating. Approximate maximum speed 65 r.p.m. 
Write for Bulletin 239 if you need further information. 


° SLIP ° 


USE: to protect speed reducers or gear trains against destruc- 
tive overload, to reduce shock in door opening and closing 
mechanisms, as a safety feature where a machine is subject to 
jamming or to limit the torque in any drive. 


Also to provide constant tension with varying speed as in a 
reeling or winding application. 


SPECIFICATIONS 


Made in 15 types and 11 sizes. The torque transmission of all slip 
units is adjustable and some models can be adjusted while in 
operation. 

Smallest clutch (light series)}—2-3/8" diameter x 1-3/4" shaft length, 
1/2" or 5/8" bore, 9 foot pounds torque maximum capacity. 
Smallest clutch (regular series)—5-3/4" diameter x 4-3/4" shaít 
length, 3/4", 1", or 1-1/4" bore, 38 foot pounds torque capacity. 
Largest clutch—27" diameter x 31-3/8" shaft length, bore up to 
8", 24600 foot pounds torque capacity. 

For a complete description, request a copy of Bulletin 300. 


* OVER-RUNNING * 


USE: Dual drive, two speed drive or standby drive on boiler 
stokers, blowers, induced or forced draft fans, dry cleaning 
machines, ventilating fans and similar equipment. 

Also for ratchet feed on presses or automatic back-stop on con- 
veyors or to permit free rotation when the driver slows or stops. 


SPECIFICATIONS 


Made in 7 types and 15 standard sizes plus special designs for 
specific installations. 

Smallest standard size—1-13/16" diameter x 1-25/64" shaít length. 
3/8” bore, 1/20 H.P. @ 100 r.p.m., 31.5 inch pounds torque normal 
rating. 

Largest standard size—25” diameter x 16-7/8" shaft length, 
7-15/16" maximum bore, 394 H.P. (à 100 r.p.m., 20694 foot pounds 
torque normal rating. 

Ask for Bulletin 231 if you want additional comprehensive data. 


e CENTRIFUGAL» 


AUTOMATIC CENTRIFUGAL 
CLUTCH COUPLING 


Improves starting conditions and provides smooth acceleration 
on drives for high inertia equipment such as ball mills, hammer 
mills, mixers, pulverizers, tube mills, etc.; prevents excessive 
torque transmission during starting of textile machinery, wire draw- 
ing machinery, conveyors, etc.; prevents torsional resonance on 
intemal combustion engine drives, particularly to compressors, 
generators, etc.; provides automatic coupling on emergency and 
dual drive systems; provides overload protection and has 
exceptional ability to compensate for all types of misalignment. 
Operating mechanism requires no lubrication. 

Made in a large number of sizes and several different types to 


cover an extensive range of requirements. 
Write for Bulletin CE-3 for additional information. 


HILLIARD CLUTCHES AND COUPLINGS ARE 
EXCELLENT FOR ALL CLASSES OF INDUSTRIAL MACHINERY 


E56 


ALL PRODUCTS OF THE HILLIARD CORPORATION ELMIRA, NEW YORK 
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COEFFICIENT OF | FRICTIC 
FOR VARIOUS n" PRESSURES 


(Test facing was mounted on flat slotted steel plate and run in oil.) 


10 -=-= 
eee e —— 15 fUr retis 
———— — — — —7— m 
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Loud c acc "m PRESSURE 


600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 
LINEAL SPEED AT AVERAGE DIAMETER — FEET PER MINUTE 


COEF. OF FRICTION 


Curves show how typical cork-compounded facing delivers high coefficient of friction under varying engagement pressures. This 
shows usual pattern for cork facings—the lower the pressure, the higher the coefficient of friction. Variations of this pattern 
can be obtained by changing the plate design. For example, an unslotted waved plate would provide a very different set of curves 


CORK CLUTCH FACINGS: 


dependable performance at low cost 


Dependable performance —long service low cost: these are 


among the many advantages offered by cork-compounded facings 


when used in properly designed wet clutches. 


Although cork is a relatively inexpensive material, low first cost 
is only the beginning of its economy. Much greater savings are 
made possible by cork’s unusually high coefficient of friction. Nor- 
mally, this makes it possible to get equivalent torque capacity with 
fewer plates or smaller plates, or to reduce engagement pressures 
Cork’s versatility enables designers to get just the engagement 
characteristics and torque capacity they need for specific applica 
tions. For example, the performance curves shown above can be 


Facing shown is similar to that used in tests varied—even reversed—by using unslotted plates, or by using 
which produced curves in chart above. Un- : 
slotted or waved plate would let designer vary 


engagement characteristics, torque capacity design which is of value regardless of whether their goal is cost re 


waved plates. This flexibility gives designers wide freedom in clut« h 


duction Or performance improvement. 


Cork facings give dependable performance over long service 
periods. In fact, in a properly designed wet clutch, they will usually 
last the life of an appliance or an automobile and still be service 
able. Resilient cork faces engage smoothly, run cool. There is virtu 
ally no wear in normal service, and there are no metal particles 


to contaminate oil and score gears and friction faces. 


— 


Cork clutch facings are being used in several widely different 
fields— automotive, appliance, business machine, industrial equip 
ment. to name a few. There's a good chance that cork’s low cost 
dependable performance can help you. Well be glad to suggest a 


suitable cork-compounded material for your design. Send 
Three cork friction faces like these give torque 


capacity equal to eight metal surfaces in an U zi : y š 
appliance wet clutch. Operotion wos quieter trial Division. 7254 Irvin Street, Lancaster. Pennsvlvania. 


smoother, and service calls virtually eliminated 


ARMSTRONG'S FRICTION MATERIALS 


details on your clutch to Armstrong Cork Company, Indus- 





spEciFy GTO 


FLEXIBLE SHAFTING 


FIRST SINCE 1875 


STOW flexible shafting powers this Avery 
Rake, built by the B. F. Avery Division of 
Minneapolis Moline Company, Louisville, 
Kentucky. Write for Bulletin 525 


compelling reasons why you 


should do business with STOW: 


1. DEPENDABILITY —Stow Engineers ore flex- 
ible shaft specialists. x P. unti oie 
2. EXPERIENCE — Stow is the oldest and largest STOW flexible shafting saves $700 on the - 
producer of flexible shafting in all sizes. cost of this Super Tandem Crushing Plant, 
3. COMPLETE SIZE RANGE—From JA" to product of the lowa Manufacturing Co., Cedar 
154'' cores—up to 1500 Ib. in. for power drives Rapids, lowa. Write for Bulletin 525 
or 4000 Ib. in. for remote control. 
4. STANDARD power drive shafts available. 
3 5. FOUR STANDARD types of cases. Special 
cases can be furnished to meet your requirements. 
6. LARGE VARIETY of standard terminal parts 
available. 
7. SPECIAL terminal parts con be made to 
your specifications. 
8. ENGINEERING SERVICE—Your inquiry will 
receive prompt and coreful consideration by 
TOP flexible shaft engineers. 


STOW streamliner flexible 
shaft machine. For com- 
plete information on the 
Stow line of power tools, 


STOW concrete vibrator model BG 

designed for high-speed concrete STOW flexible power drive shaft drives new, 

vibration under rugged conditions, all mechanical mining drill developed by the 

Write for Bulletin 526 Crichton Co., Johnstown, Pa. for greater safety 
and ease of handling. Write for Bulletin 525 


Write today for descriptive literature on Stow flexible 


shafting, flexible shaft machines, vibrators and screeds, 


MANUFACTURING CO. 
State Street 


Binghamton, New York 


STOW tank truck pump drive 
application. For further information 
write for Bulletin 501. 
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Engineers have long known that there 
are four principal causes of machine 
vibration: l. bearings; 2. motor; 3. 
clutch; 4. sheaves. Often overlooked 
is a fifth cause: v-belts. And, in many 
instances, v-belts alone are the major 
cause of vibration. 

There's a logical reason for this. 

Regular v-belts have spots of varying 
density due to their construction. Nor- 
mally, these spots are not apparent, yet 
they throw the belt out of balance when 
the drive is operating. As a result, 
vibration is created that can damage 
bearings, shafts and, most important, 
the finished work. 

This is not true of Veelos v-belts. 

Veelos is absolutely uniform through- 
out its entire length. Every link and 


every stud is identical. The smooth, 
machine-cut sides and the lami- 
nated construction assure smooth, 
vibrationless power delivery. Veelos 
is perfectly balanced. 


In case after case, installation of Veelos 
v-belts has reduced machine vibration 
20% to 9%. 

Proof that Veelos will reduce vibra- 
tion can easily be demonstrated with 
an electronic vibration analyser. This 
analyser measures amplitude of vibra- 
tion to as low as 2-millionths of an inch. 


Fifteen minutes of your time is all 
that is required to show you with the 
electronic analyser that Veelos creates 
less machine vibration. Drop us a line 
or clip the coupon for a demonstration. 


LESS VIBRATION 


with Veelos—the Balanced V-belt 


ia eT i e a ee 


Manheim Manufacturing & Belting Company 
246 Manbel St., Manheim, Pa. 


Yes, | would like a demonstration. Have your 
representative call me for a convenient time. 


Address.. 


V-BELT 
ADJUSTABLE TO ANY LENGTH - ADAPTABLE TO ANY 


Veelos is known as Veelink outside the United States. 
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A WORTHINGTON-GOODYEAR ENGINEERED DRIVE 


— a IEEE 


a 


jT 


WORTHINGTON MULTI-V-DRIVE takes heavy shock loads on this wet-pan that crushes huge lumps of clay. 


Belts hold as machine crushes 120-lb lumps 


Worthington Multi-V-Drive solves 
critical drive problem 


Driving a machine that crushes, mixes and tempers crude 
clay is a real workout for any mechanical power transmission 
setup—especially with lumps weighing as much as 120 pounds. 

After two years of this heavy-duty operation, not one belt 
has been replaced on this wet-pan. And there's no noise, slip- 
page of belts on sheaves, and no resulting power loss. Because 
of this fine record, Worthington Multi-V-Drives, with QD* 
sheaves and Worthington-Goodyear V-belts, will be installed 
on other wet-pan pulverizers. 

Find out how this Worthington-Goodyear drive team can 

^ * pay off for you, too. Write us. Worthington Corporation, 
SMOOTH, NON-SLIP DRIVE for this wet-pan is Suevidod by Section MV.4.5, Oil City, Pa. *Reg.U.S.Pat.Off. 
Worthington QD sheaves and Goodyear V-belts. 


WORTHINGTON 


—— o 
— 
Pe , —E — —= 


— 777 x SS 
SPECIFY THESE WORTHINGTON STANDARD PRODUCTS ON YOUR EQUIPMENT 


MV.4.5 


Compressors ° Pumps ° Multi-V-Drives °. Variable Speed Drives 
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LL... olo Meet bo 


CLUTCH PROBLEMS for HIGH SPEED OPERATIONS! 


To have perfect control on high speed 
presses operating at 450 Strokes Per Min- 
ute, clutches must disengage very quickly, 
because the elapsed time is extremely 
short between the ram at the bottom and 
at the top center. This is a major require- 
ment on 45 ton V & O High Speed Presses. 
Because Wichita 18" Low Inertia Clutches 
are the answer to this and many other 
press clutch problems . . . WICHITA 
CLUTCHES WERE SELECTED. 


In addition, the extremely fast action, of 
Wichita Clutches and Brakes, is ideal 
for inching (or jogging) and single stroke 
operation. 


The Wichita Clutch on the press pictured 
here has been operated in excess of 100 
engagements per minute WITHOUT 
DEVELOPING ANY TROUBLE . . . HEAT 
INCLUDED! 


WICHITA Low Inertia, Positively Ventilated 
CLUTCHES Will Eliminate: 
* Heat Problems 


* Adjustment Problems 
* Lubrication Problems 


* Centrifugal Force Problems 
® Self Energization Problems 


TO GAIN MAXIMUM. EFFICIENCY FROM CLUTCH 
OPERATION SEE YOUR NEAREST WICHITA ENGINEER 


WICHITA DISTRIBUTORS 


Hi 


ir 





when you're "ey 


boy all yov' re entitled — INDEM 


buy from the manufacturer 
who has a Complete Line 


à 
* 
Double Row Deep Groove 


Angular Contact 


w 


Spherical Roller Thrust 


buy from the manufacturer who gives | 
the most application Engineering Service | 


The industry's largest home office engi- 
neering staff works with you and for you. 


For all you're entitled to, specify sos, because 
pe provides it all. 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA.— 
manufacturers of S%F and HESS-BRIGHT® bearings. 


E62 


buy from the manufacturer who 
Keeps Ahead 


FIRST with the improv- 
ed (Type ''C") Spher- 
ical Roller Bearing, 
which provides more 
capacity and longer life 
than any spherical de- 
sign available. 


FIRST with the "SY" 
Pillow Block, with the 
most effective seal ever 
developed for keeping 
lubricant in, dirt out. 


— ———— a e ——————— M ——— Aa! 


buy from the manufacturer who gives 
the most Field Engineering Service 


BEARINGS AND 
PILLOW BLOCKS 
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DE LAVAL 


WORM GEAR SETS 


Bronze gear teeth retain true form 
over long periods of service due 
fo the regenerating action of the 
hardened steel worm. In fact, the 
efficiency actually improves as 
the gear "wears in”. 


Three or more teeth are in contact 
with the worm at all times. The 
flow of power is smooth, con- 
tinuous and vibration free. 


De Laval worm gear sets are designed to take punish- 
ment year-in, year-out. Gear teeth are under a crushing, 
instead of a bending load. Thus they withstand ex- 
tremely high momentary and shock loads damaging to 
other forms of gearing. They need little attention even 
under the most rugged operating conditions. 

De Laval manufactures these heavy-duty sets in a 
wide range of ratios from 3:1 to 100:1, with ratings of 
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can take“hard knocks” 


High Shock Load 


Ca pacity 


Standard 14'A " involute spur gear 
tooth and old time worm tooth. 


20? stub spur gear tooth. 


° 
t 

e 
et 


oV 
we 


De Laval Worm Gear tooth. Note 
line of pressure falls inside base 
of tooth. 


A 
aw 


Write on your business letterhead for Catalog 5000 


.l hp to 550 hp and center distances from 3" to 36". 
It pays to design around these De Laval stock sizes. 
Special sets, however, can be furnished to any detailed 
specifications. 

Proven applications of De Laval worm gear sets 
include the machine tool industry, rolling mills, pro- 
cess machinery, cranes and hoisting equipment and 
many similar uses. 


Worm Gear Sets 


DE LAVAL STEAM TURBINE COMPANY 


862 Nottingham Way, Trenton 2, New Jersey 
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CLE 
Motoreducer 
All-Motor Right Angle 


1. 
Motoreducer 
All-Motor 
Verticol Shaft Mounted 
Drives 
x 
2 3. 
) 


Steelflex Couplings 
Standord or Dual Purpose 


Motoreducer 
All-Motor Horizontal 


large Steelfiex Couplings 
for Heavy Duty Service 


e 


Speed Reducer 
Large Parallel Shoft 


— 
Airflex Couplings—For 
High Torque Fluctuations 


° 


Speed Reducer—Lorge Speed Reducer—Lorge 
Right Angle Horizontol Right Angle Verticol 


e w 


High Speed Geor Drives, Special Gear Drives 
Reducers or Increosers for Any Application 


@ 


: P tsi : 
Marine Propulsion Gears Melleui-Gusmay Gise 


Turbine or Diesel Driven 
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A wider choice of standard designs 
Practical features exciusive to Falk 
Sound, progressive engineering 

In-huilt factors for long, efficient service 


DRIVES and COUPLINGS 


You can rely on Falk for top quality engineering and craftsman- 
ship. For more than half a century, Falk engineers and production 
men have specialized exclusively in the design and manufacture 
of quality drives and couplings. This accumulation of experience 
and continuous research has produced a line of products noted 
for mechanical efficiency, long life, and progressive, practical de- 
sign . . . products which have earned for Falk a good name in 
industry throughout the world. 


Motoreducers . The famous All-Motor Motoreducer uses any 
standard foot-mounted motor within the capacity of the gear unit. All- 
steel construction; helical gearing, Horsepower range from | through 
75 hp. Output speeds: concentric shaft design — from 1.8 to 580 rpm; 
right angle shaft design — from 1.2 to 350 rpm. Ratios up to 54,000:1 
in special units. Integral design also available, from 1 through 40 hp. 


Shaft Mounted Drives . . . A variation of the Motoreducer design, 
adapted for mounting on shaft to be driven, using V-belt connection to 
motor, All-steel construction, helical gearing. Single or double reduction 
units in six sizes. Horsepower range from 1 through 30 hp. Output 
speeds from 420 to 14 rpm. Offset shaft design provides means for ad- 
justing belt tension by using turnbuckle on tie-rod. 


, Steelflex Couplings . . . Exclusive grid-groove design smothers shock 
and vibration, accommodates reasonable degrees of shaft misalignment 
and free end float. The basic Type F is applicable to more than ninety 
per cent of all industrial applications, horizontal or vertical. Thirty-three 
sizes to cover capacities from 2/5 through 70,000 hp per 100 rpm 
(basic rating). Special or dual purpose Steelflex designs available for 
problem applications, Almost a million Steelflex couplings have gone 
into industrial service. 


Airflex Couplings . . . Protect machinery against damage from im- 
pacts resulting from irregular torque characteristics of prime mover or 
driven machine, Require no maintenance. Provide electrical insulation 
between machines. Dual purpose types for problem applications. 


Speed Reducers . . . Falk precision cut helical or spiral bevel gears 
produce highest attainable mechanical efficiencies, Sturdy housings, lib- 
eral bearing capacities, positive lubrication, Concentric Shaft Reducers: 
from 1 through 150 hp; ratios from 1.5:1 to 970:1. Parallel Shaft Re- 
ducers: from 15 through 3000 hp; ratios from 2:1 to 300:1; sleeve or 
roller bearing units. Small Right Angle Reducers: horizontal or vertical 
output shaft; from 1 through 200 hp; ratios from 5:1 to 1450:1. Large 
Right Angle Reducers: with horizontal output shaft — from 15 through 
1000 hp, with ratios from 1.5:1 to 515:1; with vertical output shaft 
(up or down) — from 15 through 700 hp with ratios from 6:1 to 430:1. 


High Speed Drives . . . For use as reducers or increasers. Quiet 
operation, high efficiency. Standard units: horsepower range through 
5000 hp; maximum speeds ranging from 4500 to 9000 rpm. Special 
designs: horsepower ratings through 21,500 hp and higher; output 
speeds above 50,000 rpm, if required. 


Special Gear Drives . . . Falk engineering experience and complete 
production facilities have designed and produced gear drives for almost 
any application . . . from sturdy, slow speed mill drives , . , to large 
marine propulsion drives . . . to ultra high speed drives. 


Single Helical or Herringbone Gears .. . For any application. Hub 
gears, ring gears, mill pinions. Precision cut, Falk improved tooth form. 
Face widths up to 6 ft or more. Diameters up to 18 ft. Gears made of 
Falk alloy steels; pinions made from steel forgings. Full load efficiency 
of 98% per train. 


THE FALK CORPORATION 


3020 W. Canal Street, Milwaukee 8, Wisconsin 
REPRESENTATIVES AND DISTRIBUTORS IN MOST PRINCIPAL CITIES 
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A complete line of 


PowerGrip P» . .. ... 


/ * “3 Belt with its positive en- 


ee ° \ LA 4 gagement takes hold of the 
9 E # pulley grooves with perfect 
aN p. fit. perfect grip. Slippage or 
E 4 ⁄ power loss can't happen. 
^ WI 
* 
by U.S. Rubber 


FAST DELIVERY 
COMPLETE ENGINEERING SERVICE 
FULL STOCKS 


As an industrial designer, you have often met 

problems involving the transmission of me- 

chanical power: hand tools, lathes, drill presses, 

saws, electric typewriters are some examples. In 

such cases, you had to go along with the limitations 

imposed by V-belts, chain drives or gears. But now 

the U. S. PowerGrip TIMING? Belt, developed and 

perfected and thoroughly proved for over six years by 

United States Rubber Company, gives you entirely new 

freedom, new scope, new horizons of design. MOREOVER, 

the “U. S." network of distribution centers, sales offices and 

TIMING Belt Distributors permits fast supply plus complete 
engineering service. 


EVER WISH YOU COULD USE SMALLER PULLEYS? You can with the 
U.S. PowerGrip TIMING Belt...no slippage, no take-up. This per- 
mits very short centers and high ratios. Light weight of PowerGrip 
permits high speeds. 

DO LUBRICATING AND HOUSING DEVICES GET IN YOUR WAY? 
The absence of metal-to-metal contact in the U.S. PowerGrip TIMING 
Belt makes lubricants and oil-retaining housings unnecessary. Less 
cost, less weight. 


DO HIGH BELT SPEEDS SLOW YOU DOWN? The U.S. TIMING Belt 
can easily handle speeds up to 16,000 F.P.M. Light weight keeps cen- 
trifugal force way down. Yet, because it cannot slip, U.S. PowerGrip 
TIMING Belt can be operated at speeds so slow as to be imperceptible. 
WHAT ABOUT HORSEPOWER? H.P. Range is | / 100 to 300 or more. 
Stock drives tun to 50 H.P., but wider belts and pulleys can be made 
on order in standard lengths and diameters. 
IS EFFICIENCY ALL IT COULD BE? Because there are no friction-creat- 
ing joints, no slippage loss, no lubricated drag—minimum heat gener- 
ation and minimum bearing loads, U.S. PowerGrip TIMING Belts 
have an efficiency of close to 100%. 

Write to any of the 26 District Sales Offices 

or the address below. Ask for free catalog. 


“U.S.” Research perfects it...” U.S.” Production builds it... U. S. Industry depends on it 


UNITED STATES RUBBER COMPANY 
MECHANICAL GOODS DIVISION * ROCKEFELLER CENTER, NEW YORK 20, N. Y. 


Hose * Belting * Expansion Joints * Rubber-to-metal Products * Oil Field Specialties * Plastic Pipe and Fittings * Grinding Wheels « Packings « Tapes 
Molded and Extruded Rubber and Plastic Products + Protective Linings and Coatings * Conductive Rubber « Adhesives « Roll Coverings * Mats and Matting 
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" STANDARD STOCK 
s —— PRODUCTS 


STANDARDIZED TO SIMPLIFY 

YOUR MAINTENANCE AND DESIGN 
Standardized, completely inter- 
changeable, precision Gear Prod- 
ucts, they meet practically all 
needs, for maintenance replace- 
ments, for machinery built for 
plant use, for drive assemblies 
in products you make. 


IN STOCK NEARBY—NO DELAYS 
AND COSTLY DOWNTIME 

In emergencies, can be delivered 
immediately, saving downtime. 


FIRST QUALITY AT LOWER COST 
BOSTON GEAR quality control gives 
you unequalled precision, finish, 
and performance. Compare costs 


SPROCKETS and CHAIN — the savings will surprise you. 


——— — SELECTION ADVICE FROM SPECIALIST 
s Fit sprockets up to 24” pitch dio. Information is quickly available 
to any shafts 1⁄4” to 3” by 1óths ' from your Distributor's factory- 
trained specialist, or BOSTON GEAR 
Field Engineer when desired. 


PRODUCTION QUANTITIES— 
REDUCTORS and RATIOMOTORS 


BOSTON GEAR Engineering 
Dept. will help you design 
custom built, high-efficiency, 
low-cost Ratiomotors or Re- 


° ductors into your product. 
RATIOMOTOR 'REDUCTOR -N-BRON : : : 
usa — 3 , CAR PRONE Send prints and specifications. 
otorized Speed Reducers Standardized Speed Reducers Solid Bronze im : . 
32 types— 1/20 hp to 3 hp .005 hp to 36 hp A qualified Field Engineer 
will call at your request. 


WIDEST SELECTION 
BOSTON GEAR Catalog lists 102 
Product Groups — includes 30 
pages of engineering data. Get 
a copy from your BOSTON GEAR 
Distributor or write Boston Gear 
on a Works, 71A Hayward St., Quincy 
UNIVERSAL JOINTS — — 71, Moss. 


PILLOW BLOCKS 


At 96 Authorized 
BOSTON... Distributors... 
a $10,000,000 stock for 


"off-the shelf" deliveries 
DISTRIBUTOR—at Factory Prices 


Look under “Gears” in the Yellow Classified Section of your Telephone Directory for Distributor nearest you 
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AIR COOLED COUPLINGS AJUSTO-SPEDE MOTORS PRESS DRIVES 


r 
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EDDY -CURRENT 
ROTATING EQUIPMENT 














DYNAMATIC DIVISION <o. 


EATON MANUFACTURING COMPANY 


Our new booklet, "Bulletin GB2," describes and illus- 
trates the basic Dynamatic Eddy-Current units, including 
the new Stationary Field Coupling. If you are interested 


LIQUID COOLED COUPLINGS tr RD RUE ibd wis deen LIQUID COOLED BRAKES 


Speed Control Dynamatic Eddy-Current Couplings, brakes, clutches, Dynamometers, 
P b! 7 and Ajusto-Spede motors, in use today in practically every basic in- 
ro ems > dustry—in both plant equipment and end products—are proving the 

ideal solution to difficult speed control and testing problems. Advan- 

One of these tages include rapid response, infinitely adjustable speed control, wide 
Dynamatic Units speed range, quiet operation, high full-load efficiency, low main- 


tenance cost, adjustable speed from an AC power source. Write for 
may be the solution P ! 


your copy of the new Dynamatic Bulletin GB2 today. 


KENOSHA, WISCONSIN General Offices: Cleveland, Ohio 


DYNAMATI DIVISION EATON MANUFACTURING COMPANY 
6 ee 
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Catalogs 
and 
Bulletins 


Request additional information using 
postcards following page 24 


Makes stock items out ate | 
— — (Q-1) SELF-ALIGNING  ROLLER 


of Specials ( uidi BEARINGS — The Torrington Co., 
| ' Bulletin 200-C. Has spherical roller 
Ends Alterations i“ | ER bearing width tolerance chart; thread, 


Cuts Replacement Costs locknut and lockwasher data; and in- 


terchangeability chart. Also lists: life 
expectancy; capacity ratings; life fac- 
tors; installation and service factors; 


STOCK Grip-Mlaster ; speed data; loads; fits; and lubrication 


PLATE SPROCKET i ^ (Q-2) GEAR SPEED REDUCERS- 
i D. O. James Gear Mfg. Co., Catalog 


íO-c. Lists 130 sizes of continuous 


Or reverse the process tooth herringbone gear speed reducers 
and one stock hub fits FITS KINDS OF with informative data on reduction 
up to 75 different Grip- gears ranging from 14 to 5000 hp, and 


moster plote proces. HUBS IN DIFFERENT BORE ratios from 2:1 to 368:1. 
As simple as ABC — 


just select Gri te SIZE 
ii — kam ë. 3 (Q-3) FLEXIBLE SHAFTING — 


bore size you need and 4 -> Kupfrian Mfg. Co., Bulletin 5194, 10 
assemble on the shaft. HUB ONE SDE—Spli | i 4 pp. Has many illustrations showing 

No need to rebore or remachiné. Gripmaster = typical shaft assemblies; flexible shaft 
or bolton type, hub on one or both sides, each couplings; coupling nuts; different 


sprocket is complete with standard keyway and — 
set screw. — types of casings; and illustrations of 


What's more, replacement costs are kept way HUB BOTN SIDES— Split applications. Gives complete specifi- 

down since only a plate sprocket is needed. Hubs V 4 à cations for 14 different types. 
are easily reused. 

(Q-4) TORQUE CONVERTERS — 

Allison Div. of General Motors, Book- 

lets 8A-1015 & 1018, 8 pp. Has com- 

plete specifications for the series 600 

8 ONE SIDE—Solid and 900 torque converters for heavy 


tapered bushings ond ''fixed- 
bore” sprockets fill out the line 


descriptive data. 
—offer the same advantages 


USE THIS HUB 
FOR WELDING 


/ = Ww 
^ A duty operation. Has cross-section views, 
In the smoller sizes Gripmaster à l engineering drawings, and extensive 
Ww P Eo i 


(Q-5) SMALL SPEED REDUCERS 
—The Falk Corp., Bulletin 2104, 12 
pp. Has a large cutaway view showing 
the internal construction of a small 
ele M rd Fs right angle speed reducer with a ratio 


Bulletin 184 which 


describes the first range of from 5.04:1 to 1459:1. Also 
reolly ENGINEERED : “= ° ° 
opprooch to the v shows typical drive arrangements and 


m i g POWER TRANSMISSION applications. Sections of the booklet 

u i — 66402 ROLLER CHAINS AND SPROCKETS are devoted to: method of selection; 

hp rating tables; torque capacity ta- 

REPRESENTATIVES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES bles; sprocket dia; overhung loads; 


CULLMAN WHEEL COMPANY, 1334 ALTGELD STREET, CHICAGO 14, ILLINOIS — thrust loads; and dimensions 
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BAUSH WORM GEARING 


INDUSTRIAL pee ae 
UR SPECIFICATIONS £ 


FOR ALL 


MADE TO YO 


LIP —— 


D b k d 
E 


—— T sss i 


Be sure you have the exact gear you want — 

a QUALITY GEAR made to your particular requirements 
= checked 100% for tooth contact, center distance 
and Rockwell Hardness — at the right price too!! 


BAUSH WORMS AND GEARS shown are a product of i AC H | N 3 TO o L C o. 


over 500 worm gear hobs we maintain at all times. SPRINGFIELD 7, MASSACHUSETTS 


Ranging from sets on 214” center to 28" center, they 
cover up to and including 2" circular pitch. 


YOUR SPECIFIC GEAR NEED CAN BE DESIGNED 1&2 — Lift Truck ai aa a in 


AROUND THESE HOBS ELIMINATING EXPENSIVE 3 — Bending Roll Drive & Wheel 
4&5 — For Multiple Spindle 14 & 15 — Lubrication Pump Drive 


TOOLING AND DELAY. Lathe 16 & 17 — Feed Drive-Automatic 
6&7 — Agitator Drive Machine 


8, 9 & 10 — 2-Speed Lathe Reducti š : 
Write for Catalog No. 12A or send us your prints — "a nnm din cQ 18 & 19 —— 


there is no obligation, 
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How to get your motors out 


of the high heat curve... gast 


Thousands of equipment owners have 


already proved it: the fastest way to 
get a normal induction type motor 
“out from under the load” and up to 
normal rpm —and keep it there with- 
out shocks and vibrations—is through 
the fluid " within a Twin Disc 
Double-Circuit Fluid Coupling. 


slip" 


By eliminating mechanical connec- 
tion, Twin Disc Fluid Couplings per- 
mit full acceleration of motor under 
while 
the output shaft of the fluid coupling 
transmits ful? input torque of the mo- 


load within a few seconds ... 


tor, and brings the load up to speed 
smoothly and gradually. 

In addition, Twin Disc Fluid Coup- 
lings offer such advanced perform- 
ance features as Double-Circuit design 

. making them the most efficient 
fluid drives available today. 

Write Twin Disc—Dept. DS, Ra- 
cine, Wisc.—for complete informa- 


tion! Ask for Bulletin 144-D. 
E70 


Twin Disc Fluid Couplings are available in 9 differ- 
ent types (Model 12.2 HCB Coupling shown), with 
the broadest variety of input, output combinations, 
and in sizes from 7.4S to 27 to accommodate motor- 
or engine-installations from fractional to 850 hp. 


IN 
Sí 


TWIN DISC CLUTCH COMPANY, Racine, Wisconsin 
Hydraulic Division, Rockford, Illinois 


Product 


QUALITY- 
ENGINEERED 


VARIABLE-SPEED CONTROL 


FOR EXAMPLE — THE LEWELLEN 
LUBRICATION SYSTEM — simple, 
positive, and highly efficient for disc 
hubs, keys, e shafts. A series of 
annular grooves are cut in bore of 
disc hub and connected on alternate 
sides of key by channels, forming one 
continuous grease passage. Only a 
small movement of disc upon the shaft 
is necessary for complete lubrication. 
With a minimum amount of atten- 
tion, sticking or "freezing" is impos- 
sible, thus eliminating expensive 
repairs and replacements. 

AND, IN ADDITION — FLEXIBLE 
LEVER & LINK SUSPENSION . .. 
thrust bearing load equally distrib- 
uted on every ball ln de bearing, at 
all speeds and positions, and while 
changing speeds. DOUBLE-BLOCK, 
UNITIP BELT keeps tension at a 
minimum on belt, bearings, and 
shafts. UNBREAKABLE BELT 
SPLICE—a distinct feature for un- 
interrupted operation. 


if it's 
variable-speed 
control. 

look to 


LEWELLEN 


TRANSMISSIONS * MOTOR PULLEYS 


Service in variable-speed com» 
trol exclusively for more than 
50 years. May we help you? 


LEWELLEN MANUFACTURING CO, 
COLUMBUS, INDIANA 
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YOU can't expect the engine in your product 
to deliver maximum power to the wheels — 
unless the drive line is specifically suited to 


the operating characteristics of your product. 


MECHANICS Roller Bearing UNIVERSAL 
JOINTS and PROPELLER SHAFTS are 


factory, field and road tested for torque, 


overload, shock, angle, alignment, balance, 


speed changes, reversals and stamina. 


Regardless of the type and size of your 
product, MECHANICS makes joints and 
propeller shafts that will meet its power 


transmission needs exactly. 


Whatever your drive line problem may be, 
MECHANICS engineers are prepared with 


the experience and facilities to help solve it. 


MECHANICS UNIVERSAL JOINT DIVISION 
Borg-Warner * 2050-Harrison Ave., Rockford, Ill. 


MECHANICS 


LED Beans i) A | 
|I UNIVERSAL JOINTS | 


For Cars + Trucks > Tractors - 


Aircraft +» Tanks +» 
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Road Machinery * 


Busses and Industrial Equipment 





Write 
FOR A COPY 


of this valuable 72 page 
catalog on the use and 
application of roller 
chains and sprockets 


Contains complete information on A. S. A. stand- 
ard roller chains and attachments as well as 
Double Pitch Roller Chains and Cable Chains for 
power transmission and conveying. 


This informative catalog was compiled and written by personnel whose 
diversified experience covers over thirty years of continuous experience 
in the roller chain industry. 


The same skilled staff of trained engineers and designers is ready to 
cooperate with designers and manufacturers of equipment in the 
satisfactory solution of chain drive problems. 


STANDARD ROLLER CHAINS 
Available in pitches from 3$" to 5$" riveted, and 34" to 2'5" 


- riveted and detachable 


T 


K I | 


Ë 


CABLE CHAINS 


Acme Cable Chains are furnished in a 
variety of pitches, widths and strengths. 


STANDARD MULTIPLE WIDTH 


Multiple widths of six strand or wider 
available for special application. 


DOUBLE PITCH CHAIN 


For use in slower speed power transmission and material handling conveyors. 


SPROCKETS P 


Acme Sprockets are 
available in a wide 
range of sires, in 
all types. 


MASSACHUSETTS 


for your 


FREE BOOK 


Write to... 
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Catalogs and Bulletins continued 


(Q-6) BALL & ROLLER BEARINGS 
—Morton Bearing Co., Catalog 52 
LO pp. Has specifications for flat race 
ball thrust bearings; grooved race ball 
thrust bearings, also with spherical 
seats and self aligning; banded ball 
thrust bearings; roller thrust bearings; 
and some special types of ball thrust 
bearings. Illustrations of all types of 
thrust bearings are included. 


(Q-7) PRECISION INSTRUMENT 
BALL BEARINGS—New Hampshire 
Ball Bearings, Inc., Catalog 53, 28 pp. 
Includes dimensional and design data 
on 137 Micro ball bearings in bore 
sizes of 0.025 in. to 5/16 in., to 0.100 
in. to 4 in. O.D. Also discusses loads, 
speeds, mounting, lubrication, toler- 
ances, and gaging and handling of in- 
strument bearings. 


(Q-8) CONVEYOR CHAINS & 
SPROCKETS—Diamond Chain Co., 
Bulletin 29, 24 pp. Has many illus- 
trations showing various types of at- 
tachment links for conveyor chains, 
rollers, with specifications for all types 
and sizes. 


(Q-9) BELT DRIVES—Pyott Foun- 
dry & Machine Co., Catalog V-1000, 
56 pp. Has charts, specifications, for- 
mulas, and engineering diagrams on 
belts, bushings, stock drives, and 
sheaves. Has calculations of centers 
VV drives; fixed center drive formula; 
quarter turn drives; and other engi- 
neering data. 


(Q-10) VARIABLE SPEED DRIVES 
—Graham Transmissions, Inc., Bulle- 
tins, 26 pp. Has much technical data 
on a speed changer built as a straight- 
line extension of an induction motor 
Line drawings show how all speeds 
to zero and reverse are obtained, and 
torque curves are included. Many il- 
lustrations are included, plus a variety 
of controls 


(Q-11) POWER TAKE-OFFS—Funk 
Aircraft Co., Catalog 111, 20 pp. De- 
scribes a line of standard direct power 
take-offs and gear reduction power 
take-offs built to SAE standard dimen- 
sions. Available in four clutch hous- 
ing sizes: nos. 5, 4, 3 and 2. Direct 
power take-offs have three basic load 
capacity bearing hub and shaft ar- 
rangements: extra heavy, heavy and 
light. Has illustrations and specifica- 
tions for all types. 
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Now, designers can take advantage of the unique double-enveloping worm 
gear design of Cone-Drive gears in shaft mounted speed reducers. The right 
angle between input and output shafts offers many application and space- 
saving advantages over conventional gearing. The reducers are mounted 
directly on the driven shaft and require only a simple bracket or torque arm 
to prevent rotation of the reducer. 


The new reducers can be readily motorized, if desired. A bell housing is 
available to accommodate standard NEMA C-type flanged motors. Expensive 
couplings are not required since a tang-type drive sleeve and suitably 
machined worm are provided with the bell housing to match the motor shaft 
being used. 


Standard reduction ratios range from 5:1 to 60:1. When the motor is con- 
nected to the input shaft by means of vee-belts or pulleys, additional speed 
reduction can be easily obtained. Bore sizes are available to accommodate 
shafts from 1” to 22" in steps of Ys” All sizes are available from stock. 


Complete engineering details are available in 


Bulletin CD-323. It’s free for the asking. 


Am GEARS === 


DOUBLE ENVELOPING GEAR SETS & SPEED REDUCERS 7171 E. McNichols Rood « Detroit 12, Michi 
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GRANT 


pom*VARIABLE SPEED 


New - 
MODEL 24 “Zero; Jax 


MARK 


100 inch pounds torque rating Srorave CONVERTER 
ra 


SPECIAL GEARS 


Made to Your Specification 


When it's a "Special", with 
tough specifications, send the 
job to Grant and you can relax, 

The gears will be cut exactly 
to your specifications and de- 
livered on time to meet your 
production schedules. 

Grant’s complete facilities, 
coupled with more than 75 
years of gear “know-how”, are 
your assurance of dependable 


gears for all requirements. 


they're 
quality-built for longer, trouble- 
free operation. Seven types, each 
available in several ratios, there 
is a model to fit your reduction 
needs. A wide range of types 
available from stock for prompt 
delivery! 

Whether it's gears, sprockets 
or speed reducers, you'll find 


what you need in the new Grant 
Catalog — just issued. 


Write for 


your 


GRANT cear WORKS 


Specify Grant Speed Reducers § 


MODEL 14 Zero-Max 
—10 in. Ibs. infinitely 
variable speed, full 
torque at oll speeds. 
Compact, quiet, versa- 
Se, s 


Max—Reversible. Full 
speed both directions, 
reverses while operat- 
ing or stopped. 


MODEL 24 Zero-Mox 
—First of a new, larger 
series for use with frac- 
tional h.p. motors thru 


MODEL 142X Zero- 
Max— 20 in. Ibs. Same 
os Model 14 with dov- 
ble the output torque 
Reverse also available. 


MODEL 14, Type $I Zero- Max — Input 
ond output shafts same side. Many other 
speciol types available. Ask for details. 


Revco engineers will help you apply Zero-Max to solve your transmission problems. 
No obligation. Send complete details TODAY. 


Incorporated 
Room 104 — 2 E. Franklin 
Minneapolis 4, Minnesota 


MAxiTORO "DISC-PAC" 


Due to a growing demand for Maxitorq Floating Discs, we 


<= 
“= 


offer the Maxitorq Disc-Pac . . . a self-contained unit inde- 
pendent of the actuator. Maxitorq Separator Springs prevent 
heating in neutral...Locking Plate locks all discs onto body. 

Thus you may build your own clutch or brake from our 


stock parts. Disc-Pac keys !o shaft . . . easily replaced. 
Available in 8 diameters, 2" to 8", V4 to 15 h.p. Fits Maxi- 
torq Driving Rings, if you need them. Write for full specifi- 
cations Also Maxitorq Multiple Disc Clutches, Single Disc 


Clutches, Overload Release Clutches, Driving Rings. 


THE CARLYLE JOHNSON MACHINE COMPANY 


I DEPT. PE, MANCHESTER, CONNECTICUT ) 


2CJ54R 
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May we send you 


these 2 helpful 
maurey These monvols belong in 
v-drive catalogs? 


every design engineer's file 


CATALOG AND MANUAL F-10 


contains essential engineering information 
for the successful design of any FHP V-Drive 
up to 10 H.P. It also describes a complete 

line of standard size bushed and fixed 

bore cast iron V-Pulleys as well as fixed bore 
pressed steel V-Pulleys. Other products 
include rubber bonded flexible couplings, 
high pressure fan blades and 

Mor-Grip 3L, 4L and 5L FHP V-Belts. 


CATALOG MVD-1000 


describes Maurey Mor-Grip heavy duty Q-D 
and fixed bore cast iron sheaves as well as 
Mor-Grip A through E section multiple 
V-Belts for heavy duty applications 


using multiple V-Drives. 


— maurey 
"M manufacturing corporation 


ripae yes far pakpa ar 2907-23 South Wabash Avenue + Chicago 16, Illinois 
the industry's most complete 


belt catalog now in preparation. World’s largest manufacturer of Cast Iron and Pressed 
Steel FHP V-Pulleys .. Serving Industry since 1917 
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UFACTURERS OF 


ESIGNERS AND MAN 


CUSTOM D 
BALL SCREWS 


MECHANICAL DRIVES 
Double Enveloping Worms 
HYDRAULIC SYSTEMS 


FRACTIONAL H. P. 
MOTORS 


Electro-Mechanical Actuators 





Catalogs and Bulletins continued 
(Q-12) ADJUSTABLE-SPEED DRIVE 
—Reliance Electric & Engineering Co., 
Bulletin D-2102, 12 pp. Data and il- 
lustrations on a new electronic adjust- 
able-speed drive of from % to 3 hp 
for small industrial equipment. Uses 
no mechanical devices, cone pulleys, 
gear boxes, clutches or mechanical 


brakes. 


(Q-13) AIR-TURBINE DRIVES — 
Fairchild Engine & Airplane Corp., 
Booklet, 6 pp. Describes a number of 
air-turbine drives for use in jet and 
turbojet aircraft. Units covered include 
a 15 hp unit, a 3 hp model, and a 40 
hp drive. Has general discussion, op- 
eration curves, and other data. 


(Q-14) PRECISION BUILT DRIVES 
—Central Die Castings & Mfg. Co., 
Booklet, 8 pp. Specifications and illus- 
trations for a line of: V-grooved pul- 
leys for A-!4 in. belts, and B-5@ in. 
belts; variable pitch pulleys; flexible 
couplings; bronze bearing mandrels; 
bronze bearing pillow blocks; round 
belt pulleys; V step cone pulleys; 
crown faced pulleys; and crown face- 
V-grooved combination pulleys. 


(Q-15) LUBRICANTS—The Alpha 
Corp., Bulletin 100, 8 pp. Describes 
a new principle in lubrication having 
a concentrated and purified molyb- 
denum as the basic ingredient. Gives 
complete details on the regular line, 
plus information on a new type having 
a temperature range of —40 F to 400 
F; and also data on a new grease con- 
sistency mixture. 


(Q-16) FLEXIBLE SHAFTING — 
Stow Mfg. Co., Design Manual 528, 
16 pp. Charts for the selection of the 
correct size flexible shaft are shown for 
valves up to 27 in. dia. handwheels. 
Different types of end connections, and 
intermediate connections are shown in 
detail. A drawing shows a typical ar- 
rangement of flexible shafting for re- 
mote valve operation. 


(Q-17) LUBRICANT APPLICATION 
DEVICES—Lincoln Engineering Co., 
Catalog 91, 24 pp. Lists all types of 
grease fittings for use on original 
equipment. Illustrates with photo and 
cross-sectional view each type, includ- 
ing: straight, angle, taper, thread 
straight and angle, drive type straight 
and angle, and leakproof fittings. Also 
shows set-up for centralized lubrica- 
tion system. 


E76 Product Engineering — 1955 Annual Handbook 





Spur 
Helical 
Spur Internal 
Helical Internal 
Rack 
Herringbone 
Worm 
Non-Metallic 
Splines 
Conifiex Bevel 
Spiral Bevel 
Zerol 
Hypoid 
Intermittent 
Sprockets 


EENET 
GEA 


ee EO 


... they're all the same to 


PHILADELPHIA GEAR WORKS, INC. 


ERIE AVE. & G ST., PHILADELPHIA 34, PA. 
j3TON «LYNCHBURG 


NEW YORK » PITTSBURGH » CHICAGO » HOU* 


VA 
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AVOID COSTLY SHUT-DOWNS! 


Specify THOMAS Flexible Couplings for Power Transmission 


DISTINCTIVE ADVANTAGES of THOMAS ALL-METAL COUPLINGS 


| Requires No Attention. B 
| NO MAINTENANCE Visual Inspection While Operating. | 
f No Wearing Parts. 
| NO LUBRICATION Freedom from Shut-downs. 
No Loose Parts. 
NO BACKLASH All Parts Solidly Bolted. 
Free End Float under — — 
" THRUST | Misalignment. No Rubbing Action 
CAN NOT CREATE to cause Axial Movement. 


Drives Like a Solid Coupling. 
Elastic Constant Does Not Change. 
Original Balance is Maintained. 


Patented Flexible Disc Rings of special steel transmit 
the power and provide for parallel and angular 
misalignment as well as free end float. 


Thomas Couplings are made for a wide range 
of speeds, horsepower and shaft sizes. 


THE THOMAS PRINCIPLE 
GUARANTEES PERFECT BALANCE 
UNDER ALL CONDITIONS 
OF MISALIGNMENT 


. 
NO MAINTENANCE PROBLEMS 
. 
Thomos Couplings con be 
assembled or disossembled 


without disturbing the connected 
machines, except in rare instances 


Write for our new Engineering Catalog No. 51-A 


THOMAS FLEXIBLE COUPLING COMPANY 


Mokers of ALL METAL FLEXIBLE COUPLINGS Exclusively Since 
WARREN, PENNSYLVANIA, U.S.A. 
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Catalogs and Bulletins . . . Continued 


(Q-18) FLEXIBLE COUPLINGS— 
Lovejoy Flexible Coupling Co., Bulle- 
tin 1009, 20 pp. Illustrates types and 
sizes for every service, with load ratings 
from fractional to over 800 hp. Spider- 
type couplings at ratings from frac- 
tional to 40 hp at 1,750 rpm. Cush- 
ion-type couplings begin at 2.58 hp at 
100 rpm. Has illustrations, engineer- 
ing drawings, and specifications for all 
types. Also has varying or pulsating 
load conversion table, and horsepower 
to torque conversion table. 


(Q-19) ADJUSTABLE V-BELT — 
Manheim Mfg. & Belting Co., Book- 
let, 8 pp. Fully illustrates and describes 
the new Veeloss TD and TE adjustable 
V-belt for D and E belted drives. Ex- 
plains instaliation and operation char- 
acteristics. A V-belt length table, show- 
ing correct lengths for this V-belt are 
compared with endless V-belts. 


(Q-20) MAGNETIC BRAKES — 
Dings Brakes, Inc., Bulletin B-4000-B, 
6 pp. Gives design and application fea- 
tures and advantages, principle of op- 
eration, construction and installation of 
self-adjusting direct acting a-c and d-c 
disk type magnetic brakes. Has no 
solenoid, no mechanical linkages, and 
is available for floor or motor mount- 
ing. Available in 115, 3 and 5 ft-lb 
torque rating. Has illustrations, and 
gives specifications for all models. 


(Q-21) VARIABLE SPEED DRIVE— 
Graham Transmissions, Inc., Bulletin, 
26 pp. Has large cutaway views and 
line drawings showing features of op- 
eration. Has such advantages as: all 
speeds from top to zero; close speed 
holding over wide range; compactness; 
fast reversal without stopping motor; 
multiplied torque at low speeds; ac- 
curate return to preset speeds. Has 
operation curves and ratings. 


(Q-22) VARIABLE SPEED DRIVES 
—Link Belt Co. Catalog 2274, 90 pp. 
In great detail it discusses the follow- 
ing aspects on a line of positive in- 
finitely variable speed drives: the op- 
erating principles, construction and 
types; preselecting drives; typical drive 
arrangements; ratings and engineering 
data; assemblies; dimensions; acces- 
sories; controls; automatic controls; 
sectional diagrams; and a section on 
how industry uses these variable speed 
drives to best advantage. Has many 
illustrations showing the construction 
features and the complete line. 
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...CUf costs; improve product quality! 


HERE is no finer recommendation for the quality of the product 

you make than to be able to say it is “EQUIPPED WITH 
FAIRFIELD GEARS!” For thirty-five years, Fairfield has been one 
of America’s largest independent producers of accurate, automotive 
type gears for leading builders of industrial, construction, agricultural, 
marine, and automotive equipment. 
Fairfield's facilities are unexcelled. Here **under one roof" at Fairfield 
in a new, ultra-modern plant is everything needed for producing fine 
gears — metallurgical department, batteries of the most modern 
machines, testing laboratories, complete heat-treating facilities — 
all operated by skilled craftsmen working under expert engineering 
supervision. 
If you use GEARS in the product you build, we believe it will pay you 
as it has others to check with Fairfield on all of your requirements. 
Fairfield offers (1) Mass Production Economy, (2) Unexcelled Quality, 
(3) Dependable Service, (4) Expert Engineering Recommendations. 
YOUR INQUIRY WILL RECEIVE PROMPT ATTENTION. 


[aL RTT TR L ID 220 


» MANUFACTURING CO. 


2345 South Concord Road * Lafayette, Indiana 


nana n RR TS E l 
, > 
` fine Gears Made to Order 
SPUR GEARS—Straight, helical, and internal. HYPOID—Sizes from 1/2” to 28” dia 
Sizes from 16 pitch, 114" dia., to 1% pitch, ZEROL—Sizes from 16 pitch, 1/4" dia., to 
36” dia. 1% pitch, 21” dia. 
HERRINGBONE — (Fellows Type). Sizes from WORMS & WORM GEARS — Worms to 7” 
INTERESTING m" d N G à x dia. no to Le 
L— Sizes from 16 pitch, "  SPUNE AFTS—Lengths to 52". Diameters 
ILLUSTRATED dio., to 1/4 pitch, 28" dio. from 1* to é”. 
uiid. STRAIGHT BEVEL—Sizes from 16 pitch, 1/2” — DIFFERENTIALS — 10,000 to 300,000 inch 
dia., to 1!4 pitch, 28" dia. pounds capacity. 
Note: All of the sizes above are approximate. 
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- NYLON GEARS 


CAN SAVE YOU UP TO Qs. 
ON GEAR COSTS ..... 


FOR over a decade we have been 

. manufacturers of fine pitch gears. In 
QUIET this we are serving some of America's 
° most particular users of precision and 


DURABLE commercial gearing. 
. 


EFFICIENT Now we have added a completely 
equipped department for producing 


NEED LESS Nylon Gears. Because of our past ex- 
OR NO perience and our facilities, we are a 


LUBRICATION 


logical source for Nylon Gears. We can 
mold large quantities at savings up to 
90%. We can cut smaller quantities 
from molded blanks at definite savings. 
We can produce experimental work 
cut from Nylon bars. 


A Nylon Gear can mate with a metal gear 
—we can make both—and be responsible 
for the performance of both. Benefit by 
our KNOW HOW to SHOW HOW Nylon 
Gears can be adapted to your use. 


When you think of GEARS . . . in any material . . . think of GEAR MEN 


€ 
PROCESS GEAR CO., INC. 


4616 WEST FULLERTON AVE., CHICAGO 19, ILLINOIS 





Catalogs and Bulletins continued 


| (Q-23) WORM GEAR DRIVES— 
| Link-Belt, Booklet 2324-A, 80 pp. 


Gives types and construction features; 
selection; hp ratings; overhung and 
thrust loads; outboard shafts and bear- 


| ings; dimensions; and worm gear drive 
| applications. Has many illustrations of 
| various models and where used. Phan- 


tom views show internal construction. 


| (Q-24) DYNAMOMETER SYSTEMS 
| —General Electric, Bulletin GEA- 
| 5923, 12 pp. Discusses dynamometer 
| systems for testing internal combus- 


tion engines, transmissions, torque con- 
verters, rear axle assemblies, pumps, 


| fans, electric motors, compressors and 
| other types of equipment. Tells how 
| the systems can be used for both mo- 


toring and absorption applications. 
Has many illustrations. 


| (Q-25) TWO-SPEED TRANSMIS- 
| SION—Tel-E-Lect Products Co., Cata- 


log 563, 4 pp. Information on a new 


| transmission for side-mounted power 


take-off for heavy duty uses. Features: 
push-pull shift control; heavy duty 
bearings; hardened gears and shifts. 
Specifications per 100 rpm: !ow, 0.67; 
high, 1.67; hp, 5.1. 


(Q-26) FLEXIBLE COUPLINGS — 
Lovejoy Flexible Coupling Co., Book- 
let 515, 52 pp. Has many illustrations 
and specifications and dimensions of 
couplings with hp ratings from 1.5 
to 156 at 100 rpm. Has large oper- 
ating capacity chart. Also has much 


| engineering data on many sizes of 


variable speed transmission units, plus 


many application illustrations. 


(Q-27) RIGHT ANGLE SLOW 
SPEED DRIVES-—Foote Bros. Gear & 


| Machine Corp., Bulletin LWA, 20 pp. 


Has data on both horizontal and ver- 


| tical, foot and flange mounted. Has 


cutaway views showing internal con- 


| struction and a selection guide. Rating 
| tables are given based on various rpm, 
| along with overhung load calculations. 


(Q-28) HYDRAULIC POWER 
TRANSMISSION—Twin Disc Clutch 
Co., Bulletin 145-B, 14 pp. Informa- 
tion on the Hydro-Sheave drive, a 
unit designed for application to elec- 
tric motors and internal combustion 
engines in the 24 to 50 hp range. Per- 


| mits heavy loads to be started easily 


and accelerated rapidly. Has large col- 
lored cutaway view, photos showing 
application and operating curves. 
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Torque Limiter 200-Series Cam Clutch 


NOW! Two new MORSE products 
to solve design and maintenance problems 


1. New Morse Torque Limiter The Morse 200-Series Cam Clutch combines maxi- 
mum torque capac ity with minimum space require - 
ment. It is a self-contained assembly, furnished 
without inner races; can be mounted directly 
on shafting. Clutches are furnished pre-lubricated, 
ready for immediate installation. 


Eliminate the inconvenience, expense and machine 
downtime connected with resetting shear-pin mech- 
anisms. The Morse Torque Limiter is torque-sensi- 
tive, compact and tamperproof. 

Torque adjustable and adaptable, the Morse Torque 
Limiter can be used with sprockets, gears or pulleys. 
It gives positive protection on mac hine drives and 
automatically slips at overload setting and resets 
when overload condition is corrected. 


Get more details. For information on Morse Torque 
Limiter, write today for Catalog C 14-54. For infor- 
= tion on 200-Series Cam Clutch, ask for Catalog 
, 12-54. Morse Chain Company, 7601 Central 


ac. a ae i - An Detroit 10, Michigan. 
[Ihe Torque Limiter is available from stock in 


diameters from 3" to 10"; maximum ratings from 
20 through 628 ft.-lbs. 


2. New 200-Series Cam Clutch 


The simplicity of design, ease of installation and 

maintenance make Morse 200-Series Cam Clutches 

as adaptable as bearings for indexing, over-running 

and backstop applications. 

Ground to same outside diameters as 200-series aianei 


bearings, they will fit housings bored to accommo- POWER TRANSMISSION 
date these common be aring sizes PRODUCTS 


FOR 24 REASONS, MASTERS ES MECHANICAL POWER TRANSMISSION SINCE 1893 


= 10827 wud e sp. 


> wWGH 2 DOUBLE-PITCH ] 11 |) AUTOMOTIVE 
| STANDARD C ENDURANCE 9 SPRING-LOCK Å ROLLER CHAIN D TAPER-LOCK Ü ROLLER CHAIN CABLE Q arame 9 SILENT 10 sur (HAIN || HY-vo ÍL TIMING CHAIN 


ROLLER CHAINS ROLLER CHAINS SPROCKETS SPROCKETS DRIVES CHAIN CHAINS CHAINS SPROCKETS DRIVES DRIVES 


$6 xogvueuuwisdZ:e 
| 


t I VARIABLE 
nenne ige Es l^ 15 morne {16 ene Il] MORFLEX & 119 MARINE [Iove tunc 20) over-cenrer!?] Puumowt 7? torque |: 23 Cxrurusat [71 


j CHAIN SILENT CHAI RADIAL RADIAL i f Í SPEED 
COUPLINGS | COUPLINGS COUPLINGS | COUPLINGS | DRIVESHAFTS COUPLINGS CLUTCHES CLUTCHES CLUTCHES | LIMITER CLUTCHES} CONTROLS 
k m i — —— — š 
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"A" GEAR TYPE 
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Catalogs and Bulletins continued 


(Q-29) LUBRICATING DEVICES— 


| Trico Fuse Mfg. Co., Catalog, 24 pp. 


Illustrations and diagrams show con- 
struction and operation of various 
types of lubricating units. Included 
are: glass constant level oilers; gravity 
feed oilers; wick feed oilers; thermal 
and bottle oilers; vari-feed oilers; 
combination oil cup and oil gage; 
multiple feed oilers; sump bottles; and 
under-feed oilers. 


(Q-30) CENTRALIZED LUBRICA- 
TION — Alemite Div. of Stewart- 
Warner Corp. Booklet 22-189, 16 pp. 
Describes three types of systems to 
serve every need, the Type 0, Type 1, 
and Type 2 Accumeter System. The 
Type 0 System is designed for lubricat- 
ing with oil at a minimum tempera- 
ture of 50 deg. F. The Type 1 system 
is designed for the dispensing of all 
fluid oils and light greases. The Type 
2 system is a fully hydraulic system 
designed for the dispensing of all 
pumpable oils or greases, especially 
adaptable for large machines or for 
groups of machines. Can be installed 
indoors or outdoors. Applications are 
given for the three types of systems 
with principle of operation, applica- 
tion data and specifications. 


(Q-31) CUTLESS RUBBER BEAR- 
INGS—Lucian Q. Moffitt, Inc., Cata- 
log, 34 pp. Has engineering data on 
a special type of rubber bearing for 
use in pumps, agitators, and similar 
equipment where bearings can be lu- 
bricated with water, or by the liquid 
handled in the equipment. Has many 
illustrations, cross-sectional views, 
graphs, and charts. 


(Q-32) ELECTRIC CLUTCHES & 
COUPLINGS-— Warner Electric Brake 


| & Clutch Co. Booklet WEB 6089, 20 


pp. Shows the electric clutch and the 
electric clutch-coupling, with cutaway 
drawings of each, plus photos showing 
applications of each. Also contains 


| speed-torque and speed-heat charts to 


aid in selection, plus illustrations, di- 
mensions, and specifications of each 


model. 


(Q-33) INDUSTRIAL V-SHEAVES 
—Durkee-Atwood Co. Bulletins D-170 
and 172, 28 pp. All engineering speci- 
fications for light duty, type industrial 
V-sheaves with OD from 1.5 to 19.0 
inches. Also data on single, two, and 
three groove, and variable pitch 
and QD double duty V-belt sheaves. 
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Can CURVIC® Couplings lower the cost of your product? 


They have done so for scores of maau- 
facturers, by reducing machining 
time, by saving time in assembly and 
by permitting more compact design. 

Curvic Couplings are extremely 
accurate toothed connections which 
combine the functions of driving, 
centering and alignment. 

With Curvic Couplings, complex 
machine parts can be made in several 
smaller units and then bolted or 
otherwise fastened together. Experi- 
ence has proved that fabrication of 
many large parts in smaller units has 
reduced the time spent in machining, 
simplified final assembly, and reduced 


— 
— 


over-all manufacturing costs. 

And there is no sacrifice of precision 
—in fact, Curvic Couplings are so 
accurate that tolerances in the finished 
assembly can be held closer than 
when the part is made by any other 
means. 

Curvic Couplings are used in such 
applications as heavy-duty gas turbine 
rotors like the one shown above, jet 
engines, crankshafts and camshafts. 

In addition to fixed or permanent 
connections, Curvic Couplings can be 
produced in semiuniversal, and in 
releasing clutch types. 


All types of Curvic Couplings are 


GLEASON WORKS 


Builders of bevel gear machinery for over 85 years 
1000 UNIVERSITY AVE., ROCHESTER 3, N. Y. 


produced rapidly, economically, and 
with high precision, on Gleason Cut- 
ting and Grinding Machines. If you 
would like to know more about 
Curvic Coupling design or manufac- 
ture, the Gleason Works will be glad 
to consult with you, and to make 
recommendations about your specific 
applications. Write for our booklet. 


` A 2 ea tali » z í 
Here is how CURVIC Couplings are used in the 
production of an 8-stage heavy-duty gas turbine 
rotor, holding it in perfect alignment under the 
severe stresses encountered at high speed. 





Bon n is the word for | i: as) 


_.. SPEED REDUCERS [K> 
that outlast the field 


When you are specifying make 
of speed reducers to be used 
on the machines you design. 
here's a fact to keep in mind. 
Bond Speed Reducers are en- 
gineered and built to give 
extra years of satisfactory 
service—and their performance 
records prove it! Some of the 
Bond Speed Reducers now in 
service have been on the job 
8 hours a day for nearly 20 
years. 


..» FLEXIBLE COUPLINGS 
that live a Double Life 


BONDTRU 
TE FOR FREE 4-page catalog- 


Alexille * pe a Je. r describing our facilities and the š 
various Stamped Gears, Tools and Assem- > 
INSULATED COUPLINGS blies we make. Valuable gear data and Wh 
When the BONDTRU Cou- 


pling is operating in one 
direction only, every sec, 
ond arm of the insert car- 
ries a load, while the others 
serve to prevent backlash. The BONDTRU Coupling 
When, through long use, can be adapted with com- 
the load-carrying arms be- plete satisfaction to prac- 
come worn, the insert is tically any application re- 


í 


A ILL Št 
me Designed And Tooled 
wv S For Your Specific Neds! 


More and more manu- 
facturers are saving as- 
sembly time and money 
with Winzeler Special 
Stamped Gears. They 
. are getting valuable aid 
in designing more effi- 
cient and economical 
stamped gearing for 
many unusual applica- 
tions. Skillful tooling, 
stamping and assem- 
bling assures uniform 
accuracy in mass pro- 
duction runs. Many 
stock dies available. 
Investigate this better 
stamped gear service! 


Ny.) i 





fi 


tables are included. Or, get ideas, samples RT TIPAT 
and low cost estimates. No obligation. OP ga 


Lj 
4 


WINZELER MANUFACTURING & TOOL CO. 


1712 WEST ARCADE PLACE, CHICAGO 12, ILLINOIS 





moved up one position— 
putting into use the other 
set of arms which are un- 
impaired. 


quiring a flexible connect- 
ing medium to transmit 
l4-hp. up to 100-hp. at 100 
rpm. 


... STOCK GEARS that 


save time and money 


When a machine is equipped with Bond 
Stock Gears, there’s no waste of time 
when a replacement is needed—no ex- 
tended loss of production time waiting 
for a replacement to be made to order. 
The replacement can be obtained 
quickly—OUT OF STOCK-—írom the 
nearest Bond Distributor. Since absolute 
uniformity is a recognized characteristic 
of Bond Stock Gears, you can be sure 


of-évery description — 
made to your specifications 


The gears you buy from E. B. Sewall are made 
by men who are fussy about specifications. 
They've got the finest equipment and know 
how to use it. If you specify .0002" tolerance, 
you get it—at each tooth on every gear we 
ship. We're in a brand new plant, equipped 
to handle your gear requirements. Send 
specifications and quantity for our quotation. 


the gear delivered will always be inter- 


changeable with the one to be replaced. Your inquiry will be answered promptly 


STOCK GEARS 
SPROCKETS 
PINIONS 
RACKS — SPEED REDUCERS 
(8 FLEXIBLE COUPLINGS 
AND RELATED PRODUCTS 


Carried in stock by 
DISTRIBUTORS IN PRINCIPAL CITIES 


Consult your local Classified Directory 
or write to 


CHARLES BOND COMPANY 
617-23 Arch Street, Philadelphia 6, Pa. 
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E. B. Sewall Mfg. Co., 704 Glendale St., St. Paul 14, Minn. 
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Make your own comparison of the 


d ifr" "TIMING" BELT DRIVE 


versus other forms of Power Transmission 


1. Can it transmit 1/100 to 300 HP without slip- 
page...and without lubrication? 


Does it eliminate noise and vibration caused 
by metal-to-metal contact? 


| 


Does it operate at maximum efficiency, in- 
definitely, without take-up? 


Does it make possible very compact, short- 
center drives of ratios up to 15-to-1? 


Does it eliminate need for initial tension, per- 
mitting all the drive's tension to be used effec- 
tively ... and reducing bearing wear? 


Can it operate satisfactorily at peripheral 
speeds above 12,000 FPM? 

Does it maintain constant angular velocity? 

ls its weight very low in proportion to its 
strength? 

Does it make possible precise “timing”, with- 
out appreciable backlash, between two or 
more widely separated shafts? 


| 


Does it eliminate the expense and added 
weight of lubricants, lubricating devices and 
covers? 


Does it save so much power as to sometimes 
permit use of lower-powered motors? 


Does it have unusually long, maintenance-free 
service life? 


WHEN PLANNING A DRIVE, CONSIDER ALL FIVE! 


— — 


bkokOGGRETRPRD 


NEOPRENE-ENCASED, CABLED STEEL WIRE GIVES 


THE BELT GREAT STRENGTH WITHOUT BULK ~) Naturally, these questions are phrased to emphasize the unique 


combinations of features provided by the “Timing” Belt drive. 
Question 1, for example, might have been divided into two sepurate 
questions. But this would not point up the important fact that the 
"Timing" Belt drive is the only positive drive requiring no lubrication. 

Certainly, the four older types of drives will always have their 
special places in the power transmission picture. The important fact 
is that the design engineer now has at his disposal a fifth type of 


drive ideally suited to so many applications that more than 


a million 
are now in use. 


Write for your copy of the Gilmer "Timing" Belt Stock Drives 
Manual, to Gilmer “Timing” Belt Division at the address below. 


America’s Oldest Manufacturer of Industrial Rubber Products 
Product Engineering — 1955 Annual Handbook 
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GEAR REDUCTION POWER TAKE-OFFS 


Three standard models, 4”, 434” and 642” 
gear centers. For 50, 75 and 90 H.P. engines 
with S.A.E. flywheel housings. Wide selection 
of standard ratios. Made with standard 
flanges for easy adaptation to transmis- 
sions, right angle drives and other power 
conversions. 
Features 
EXCLUSIVE 
STRADDLE 


MOUNTED 
PINION 


Eliminates 
misalignment, 


assures 
AVAILABLE IN A VARIETY OF 
STANDARD RATIOS AND SIZES, complete 
FOR IMMEDIATE DELIVERY. tooth contact. 


STANDARD POWER TAKE-OFFS 
For Engines up to 90 H.P. 


Three standard models for 50, 75 and 90 H.P. 
engines with S.A.E. flywheel housings. Equipped 
with standard f'anges for easy adaption to other 
equipment. Standard units usually delivered in 
one week or less. 


POWER 
ACCUMULATORS 


Combines the power cf two, c 
three or four small low-cost 
engines. An unlimited number 

of arrangements of these 
Combo-Power Units can be 
made, including Power Di- 
viders and Side Load Take- 
Offs. 


FUNK TORQUE CONVERTERS 


Funk offers a diversified line of Torque Converters. 
Standard flanges easily adapted to other power trans- 
mission equipment. Our Engineers will be glad to 
recommend a unit to meet your torque converter 
problem. 


REVERSING UNITS 


Planetary action clutches for fast, smooth 
reversals without stopping the power train. 


Several types available. 


RIGHT ANGLE DRIVES 


Heavy duty, high torque type. May be 
mounted in up, down, right or left posi- 
tion, Other types of right angle drives 
also available. All easily combined with 
various transmissions. 


WRITE FOR CATALOG OF OUR COMPLETE LINE 


FUNK AIRCRAFT CO. 


3313 Airport Drive 
Power P A "Problems Coffeyville, Kansas 


Cut your operating cost 
save valuable plant space 
minimize maintenance ....... 


because Abart Speed Reducers are the product of 
specialists . . . designed and built by craftsmen long and 
specially experienced in the principles of power 
transmission ... you can depend on Abart units for 
the service required. Efficient—Durable—Compact— 
Self-Lubricating Abart Speed Reducers are available in 
75 sizes in spur, worm and combination, 

single and double reduction units—rated 

from 1/50 to 168 hp. with ratios 


up to 10,000 to 1. i 
Write today for free data-packed pocket-size catalog 7 


sa CPI] 


*624 WEST l6th STREET a CHICAGO 50, ILLINOIS 


Mírs. ol Gears, Speed Reducers ond Gearmotors 


better power fransmission 
: FLEXIBLE 
with y// Y 
EY [d iE INS 
DEPENDABLE minimum moving parts. Sturdy Elliott 


Flexible Shaft will last the life of 
your machine, give perfect service. 


ECONOMICAL replaces universal joints, rods and 
other machined parts. Reduces as- 
sembly time to two simple connec- 
tions. 


LOW COST most Elliott Flexible Shafts can be 
supplied from stock to your require- 
ments — simplifying your ordering 
and stocking. 


HIGH TORQUE minimum friction losses. Elliott Flex- 
ible shafts deliver most of the 
motor's rated output with minimum 
mechanical losses. 


SOME TYPICAL USES 
To drive seeders, planters, cotton 
pickers, special fans a blowers, pumps, 
~~ winches, rakes, hose reels, stake drivers 
and numerous industrial applications 
which change position in 
their operation. 


Elio MANUFACTURING CO 


LATEST CATALOG 216 PROSPECT ST., BINGHAMTON, N. Y 
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. can the advantages of 


these Formsprag Clutches 


be put to work for 


This most modern of clutches 
—the Formsprag Full Comple- 
ment—has sprags running on 
concentric races without ramps. 
Design of the sprag provides 

a greater load capacity than 
any other type of working 
member. And—there are 
more working members 
(sprags) than in any other 
clutch-type. Formsprag’s full 
complement of sprags always 
means MAXIMUM TORQUE 
CAPACITY in a small, com- 
pact unit. Write today for 
literature on the unit of 


specific interest to you. 


Over-running 


Indexing « Backstopping 


⁄“ j 
/ 


Ompas 
23607 Hoover Road / Van Dyke, Michigan 


Distributor 





DYNA -LINE* 


Guardian FLEXIBLE COUPLINGS 


- 


Series No. 5-R 


x * ^3 < 
EN 4222. 
y 


4-R 3R 2R TR OR  00-R 


NOTE: LENGTHS TO DESIGN ON EACH SERIES 


HP & Torque rating | 
@ rating length ^ 


HP @ | Torque | Rating Min. 


1750 |/In.Lbs.)| Length | Length 


EJ 


SINGLE UNIT CONSTRUCTION: No as- 
sembly of engaging parts, or wearing sur- 
faces to create eccentric motion or vibra- 
tion even if minor misalignment is present. 
Power transmitting strands, embedded un- 
der high adhesion in protective cushion of 
oil-heat resistant quality durometer assures 
long, trouble-free service, develops True 
Flexibility and Torsional Resilience for 
quiet, load-pulse power transmission with- 
out extreme deflection or twist. Ask for 
catalog sheets C-102 and C-103-A. 


SPECIFY GUARDIAN FOR BEST PERFORMANCE 
* DYNA-LINE: Guordion's exclusive methods of fabri- 
cation produces o one-piece, precision flexible coupling 
by joining 4 
are spinning, and held in dynamic balance. 


ali three components into one while they 


Guardian 


PRODUCTS CORPORATION 


COUPLING DIVISION 
Dept. IC-PH, 1215 E. Second Street 
Michigan City, !ndiana 


Solve Your Misalignment Problems With 


DYKMAN Sphere-Gear FLEXIBLE COUPLINGS 


(Barcus Patent 2303813) 


Floating sleeve carrying internal gears 
which permanently engage the Sphere- 
Gear teeth of the hubs. 


Hubs with generated Sphere-Gear. 
Oil seal of flexible synthetic material im- 
pervious to oil. 


Clearance between hubs to allow for end 
play of shafts. 


Gasket between flanges to insure oil- 
tight seal. 


Bolt holes counterbored, leaving no pro- 
jections. 


Oil hole with safety setscrew. 


Cushion washer. 


This coupling is DIFFERENT. Hub teeth are generated on a segment of a sphere. When 
engaged with the annular teeth, it is possible to maintain uniform velocity even when the 
coupling is operating at 4° angular misalignment. 


AVAILABLE DESIGNS 


FLOATING SHAFT e HANGING LOAD e MARINE èe AIRCRAFT e SHEAR PIN e 
FLANGELESS e SINGLE ENGAGEMENT e SPECIAL DRIVE ASSEMBLIES 


Write for brochure describing these problem-solving couplings. 


DYKMAN MANUFACTURING CORP. 


320 Broadway, New York 7, N. Y. 








Catalogs and Bulletins 


(Q-34) SMALL LOW TORQUE 
DRIVES—Warner Electric Brake and 


continued 


| Clutch Co. Booklet WEB-6158, 6 pp. 


Contains complete engineering data on 
the replaceable face electric brake, and 


a stationary field electric clutch coup- 


ling, two new units offering faster 
starts and stops of small low-torque 
drives of light machine instrument and 
servo drives. Features are: accurate in- 
dexing: inching and jogging; rapid 
cycling; and synchronized starting and 
stopping. Sizes of the new units range 
from 1954, to 4V4 in. dia., with torque 
ratings from 8 to 240 Ib-inches. 


(Q-35) LUBRICATORS — Madison- 
Kipp Corp. Bulletin L-3401, 8 pp. 


| Shows a variety of new lubricating 
| units with a pumping principle based 


entirely on registering ports. The unit 
is valveless, but positive metering is 
obtained by oscillating ported plungers. 


| Each unit may be adjusted to deliver 


from a fraction of a drop to ten drops 
per impulse. Units are available with 
ratchet, rotary, or direct drives. 


(Q-36) AIR OPERATED 
CLUTCHES AND BRAKES—Indus- 


| trial Clutch Corp. Bulletin 5005, 4 


pp. Describes an improved series of 
LK (low kinetic energy) type clutches 
for any machines where a fast cycle 
and accurate stopping are essentials. 
Low power losses in starting and stop- 


| ping and a high heat dissipating ca- 
| pacity permit the clutches to function 


in duty too severe for ordinary friction 


| clutches. Booklet explains the design, 


the low inertia, the air operation, the 


| spring-loaded brakes, and the construc- 
| tion of the clutches and brakes. Has 
several illustrations and a chart giving 


all the necessary information for the 


| various sized models. 


(Q-37) SILENT CHAIN DRIVES— 


| Link-Belt Co. Catalog 2425, 88 pp. 
| One section shows the pre-engineered 
| stock drives for normal requirements; 


another section outlines the procedure 
for selecting completely engineered 


drives. This includes an index table 
| of service factors, rating tables, and 


chain length and center distance com- 
putation. A section on drive compon- 


| ents lists available chain widths, chain 


and wheel dimensions, wheel toler- 


ances, materials, and other data. Com- 


plete operational and technical data 


such as installation, maintenance and 


lubrication procedures are included. 
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HP PER POUND» MORE HP 


PER CU. IN.e MORE HP PER DOLLAR 


190,000 STANDARD G/;// ANSWERS 


TO//p/7 RIVE PROBLEMS 


Look closely at the cutaway views above. Note how the 
worm wraps around the gear and the gear around the worm. 
That's the double-enveloping principle of Cone-Drive gears. 
It gives you high load-carrying capacity, long life and 
less weight, all in an extremely compact unit. 


Size for size, Cone-Drive speed reducers will out-perform 


any other worm geared speed reducer on the market. 


Yet, you can select any one of 190,000 standard stock re- 


ducers to solve your specific drive problem the efficient way. 


You can choose ratios from 5:1 to 4900:1. 


You can handle loads from fractional to 800 hp. 


You get all this with only 58 standardized mountings. 


Cone-Drive gears offers this versatility because of their 
modern manufacturing methods. All parts for a given center 
distance — gears, mountings, bearings, housings, fan-cooling 
attachments and water cooling coils, etc.—are standardized 


whether you require worm under or over, gear shaft vertical 
or horizontal, single or double-extended shafts, right or 
left hand. All of these parts are completely interchangeable 
for a given center distance, too. 


Find out more about Cone-Drive speed reducers. Ask for 


Bulletin 8901-50 


innu GEARS ——— 


DOUBLE ENVELOPING GEAR SETS & SPEED REDUCERS 
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PUL source 


SAVINGS GUARANTEED 


. . . by more than 50 years of 
Joint-making "Know How". 


Send your blueprint. Quotations 
and detailed catalog will be 
promptly furnished. 


Atlas and Vulcan Universal Joints 
Since 1900 

GRAY & PRIOR MACHINE COMPANY 

623 WINDSOR ST., HARTFORD 5, CONN. 


In the West: Link Belt Co., Los Angeles, San Francisco, 


Portland, Seattle, Oakland, Spokane 





Made to Your 
Specifications 


You and we can form a 
team—you to draw up 
the specifications; we to 
make the gears — that 
will be profitable to 
both if us. Gears of all 
types, all sizes, all 
materials. Design-engi- 
neering service available. 


Custom Gears 
Exclusively 


DIEFENDORF GEAR 
CORPORATION 


Syracuse 1, N. Y. 


DIEFEN D‘O:AF 


G E AR S 


Catalogs and Bulletins continued 


(Q-38) MAGNETIC TRANSMIS- 
SION EQUIPMENT —Stearns Mag- 
netic Inc, Bulletin 226-C, 8 pp. Pro- 
vides a ready reference for figuring the 
right transmission equipment for indi- 
vidual applications, and contains com- 
plete figures, diagrams, dimensions, 
capacities, horsepower and torque rat- 
ings on clutches, brakes, and clutch- 
brake combinations. 


(Q-39) VARIABLE PITCH 
SHEAVES— Speed Selector Inc. Bulle- 
tin, 8 pp. gives typical applications of 
sheaves on various types of machines 
and power-driven equipment. Dimen- 
sional drawings and charts provide 
necessary engineering sheaves which 
are available in seven standard sizes 
from 3 to 8 in. od. Capacities range 
from 1⁄4 up to 15 hp. One full page is 
devoted to combination sheave size 
selection tables; another is a chart on 
belt length center distances. 


(Q-40) CHAIN DRIVES—Ramsey 
Chain Co., Inc. Catalogue 154, 19 pp, 
provides data on operating character- 
istics and service factors of chain 
drives. Information is included on how 
to select and order the proper drive. 
Heavy duty drives are described and 
details on lubrication, installation and 
maintenance are included. Complete 
list of district sales and engineering 
offices and authorized distributors and 
representatives. 


(Q-41) SPRAY LUBRICATING 
SYSTEM—C. A. Norgren Co. Folder, 
8 pp. Drawings and photographs ex- 
plain this spray lubricating system de- 
signed for machine tools. Typical ap- 
plications illustrated and described. 


(Q-42) RUBBER HOSE, BELTING 
—Carlyle Rubber Co., Inc. Booklet, 24 
pp. Industrial rubber products such as 
hose belting illustrated and described. 
Listings give sizes, accessories, prices, 
working pressures. 


(Q-43) RIGHT ANGLE GEAR 
SPEED REDUCERS—D. O. James 
Gear Mfg. Co. Catalog 42-B, 82 pp 
Contains informative engineering data 
on the following gear speed reducers: 
spiral bevel gear; spiral bevel-herring- 
bone gear; spiral bevel-helical gear; 
spiral bevel-planetary gear. Has con- 
struction specifications, examples, sec- 
tional views, hp ratings, allowable 
overhung and thrust loads, and other 
important design data. 
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ENGINEERED 
To Fit YOUR Product 


For over a quarter century 


we have been making 
clutches of all kinds. This 
clutch building experience 
has developed a specialized 
engineering service of value 
tomanufacturers whose prod- 
uct designs require special 
clutch applications. It is a 
good idea to use standard 
clutches, where practical, 
but if your need is out of 
the ordinary, it will pay 
you to get the recommenda- 
tions of our power trans- 
mission engineers regarding 
the clutch which will meet 
your specifications exactly. 


Send for This 
Handy Bulletin 


Shows typical 

installations of 

ROCKFORD 

CLUTCHES 

and POWER- 

TAKE-OFFS. 

Contains dia- 
grams of unique ap- 
plications. Furnishes 
capacity tables, 
dimensions and 
complete specifica- 


ROCKFORD CLUTCH DIVISION 


BORG-WARNER 
1313 Eighteenth Avenue, Rockford, Illinois 
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STEARNS BRAXES 


Tire motor makers’ choice 
for positive stop-start 


Stopping motors quickly is a key factor 
in cutting waste time—stepping up pro- 
duction. Here are a few important 
reasons why America’s leading motor 
makers and design engineers specify 
Stearns magnetic disc brakes to do this 
profit-building job. 


NEW DESIGNS — Now magnetic disc 
brakes to meet new NEMA frame 
standards in the 1/20 to 1/3 hp motor 
range; 1/6 to 2 hp motor range. 


CUT COSTS, 


sharpen quality control 


WITH STEARNS MAGNETIC ™ 
BRAKES AND CLUTCHES 


STEARNS CLUTCHES 


Matched-to-the-machine 
for smooth acceleration 
and release 


When you design new installations, 
modernize or adapt existing machines, 
be sure of matched power transmission 
control with a Stearns magnetic clutch. 
Stearns not only builds a wide variety 
of standard clutches and clutch-brake 
combinations, but also designs-special 
custom-built units tailored exactly to 
your specific installation. 


WIDE TORQUE RANGE — .4 to 30,000 lb ft. 


LOW INERTIA — Fast, smooth engage- 
ment and disengagement. 


VARIED DESIGNS — Through shaft, split 
shaft, duplex for two speed drives, for- 
ward and reverse drives—other special 
applications. 


WIDE SIZE RANGE — for 1/20 to 100 hp 
motor, AC or DC. 6 lb in. to 7,500 lb ft 
torque range. Intermittent or continu- 
ous duty. 


THREE HOUSING TYPES — Explosion-proof, 
dust-tight and watertight, standard. 
Vertical or horizontal, motor or floor 
mounting. 


FAST STOP — Positive spring action on 
pressure plates. 


QUICK RELEASE — Instantaneous mag- 
netic pull — eliminates drag. 


WIDELY ADAPTABLE — DC or AC witn 
rectifier. Automatic and remote control. 
Operates in conjunction with electronic 
circuits. 

QUIET AND COOL RUNNING — Generous 
friction surface area and low unit pres- 
sure. 


EASY WEAR ADJUSTMENT — Provides 
longer clutch life. 


SIMPLE INSTALLATION—no toggles, yokes, 
shifters. 


For full details consult your 1954 Sweet's 
Product Design file or write for Bul- 


letin 226-C-4. 
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MAGNETIC EQUIPMENT FOR ALL INDUSTRY 


STEARNS è MAGNETS 


STEARNS MAGNETIC, INC., 631-A S. 28th St., Milwaukee 46, Wis. 








Catalogs and Bulletins continued 


(Q-44) V-BELT DRIVES — Boston 
Woven Hose & Rubber Co. Manual 
52 pp. Covers such subjects as how to 
select a V-belt drive, how to select a 
V-flat drive, V-belt drive design sheet, 
non-standard drive instructions, speed 
up drives, and tables on each subject. 
Also has graphs and diagrams. 


(Q-45) POWER TRANSMISSION 
PRODUCTS—Lovejoy Flexible Cou- 
pling Co. Bulletin, 8 pp. Has photos, 
complete specifications and selection 
information for a line of flexible cou- 
plings with load ratings from fractional 
to over 800 hp. Also has equivalent 


| data for variable speed pulleys and 


transmissions, and universal joints. 
The pulleys are made in horsepowers 
from 1⁄4 to 8 with speed ratios up to 
3 to 1, infinitely variable. The trans- 
missions in ratings from Y$ to 5 hp 
with speed ratios up to 10 to 1. The 
universal joints in ‘sizes from 14 to 4 
in., with hp up to 207. 


(Q-46) ROTATING SHAFT SEALS 
—Cartriseal Corp., Booklet, 6 pp. Has 


| engineering data and many cross-sec- 


tional views of installation of a new 
double-face cartridge seal especially de- 
signed for higher pressures, tempera- 
tures, and rpm. 


(Q-47) VARIABLE SPEED DRIVE 
—Dynamatic Corp. Bulletin ASI, 8 
pp. Complete engineering data on the 
Adjusto-Spede, a unit that will provide 
an infinitely adjustable variable-speed 


direct drive from an a-c power source. 


Available in a range of sizes from 3⁄4 


hp at 1,100 rpm to 75 hp at 1,700 rpm. 
Has illustrations of typical applications 
and a cutaway view of the unit. 


(Q-48) ROLLER CHAIN DRIVES— 
Browning Mfg. Co. Bulletin CD-101- 
B, 12 pp. Illustrates and lists accord- 
ing to bore and number of teeth, 
a line of single fixed bore sprockets, 
single, double, and triple sprockets 
with split taper bushings, and single 


| steel plate sprockets. Also illustrates 


and lists size data for a variety of 
roller chains, plus single, double and 
triple chain. 


(Q-49) TORQUE CONVERTER— 
Diesel Div., General Motors Corp., 
Booklet 6SA24, 8 pp. Has cutaway 


| drawings, and curves showing hp char- 


acteristics of engines equipped with 
the converter. Explains operating prin- 
ciples, and shows applications. 
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Catalogs and Bulletins continued 


(Q-50) UNIVERSAL JOINIS — 
Gear Grinding Machine Co., Booklet, 
12 pp. Covers applications, engineer- 
ing data, models and sizes, proper 
joint selection, and other information 
on universal joints. Constant velocity, 
the principle on which the joints are 
designed, is described and illustrated. 


(Q-51) FLEXIBLE SHAFTING 

Stow Mfg. Co. Bulletin 525, 12 pp. 
Has engineering data on the flexible 
shafting for power drive and remote 
control applications. For power drive, 
the shafts transmit a max of 1,500 
in.-lb. For remote control, a max of 


4,000 in.-pounds. 


(Q-52) MAGNETIC FLUID 
CLUTCH--Texas Instruments Inc. 
Bulletin DL-C311, 2 pp. Describes an 
instrument size magnetic fluid clutch 
metering/positioning movement, along 
with detailed performance specifica- 
tions, and curves. Describes both the 
movement and the component mag 
netic fluid clutches. 


(Q-53) GEAR TOOTH DRIVE 
DISK CLUTCH—The Conway Clutch 
Co., Booklet, 20 pp. Has many illustra- 
tions, cross-section views, and com- 
plete data on a disk clutch with a 
gear tooth drive. Covers single and 
triple plate sleeve clutch gear tooth 
drive; couplings; ball bearing sleeve 
clutch; single and triple plate; shifter 
collars. Bores 114 to 4 in. 


(Q-54) CENTRALIZED LUBRICA- 
TION—The Farval Corp., Bulletin, 8 
pp. Has complete data on several 
case histories of lubrication problems 
solved by centralized lubrication. 
Shows oil line diagram and the vari- 
ous components used. 


(Q-55) PLANETARY SPEED RE- 
DUCER—Philadelphia Gear Works, 
Catalog P-53, 16 pp. Describes this 
new in-line reduction unit, available 
in single, compound or double types 
and horsepower ratings in AGMA 
class I. Standard ratios from 4.3 to 
1, up to 106 to 1. Has construction 
details, diagrams and selection tables. 


(Q-56) FORCED FEED LUBRICA- 
TORS—Manzel Div., Catalog 25 G, 
12 pp. Has all engineering data on 
several types of lubricators for all ap- 
plications. Illustrations show units 
with variety of drives, and charts give 


Cross-sectional views and di- 
mensions as shown on this 
clutch page provide helpful in- 
formation in making selection 
of the proper unit. 


T] 


New help in solving 


This new Stearns magnetic brake and clutch Bulletin 
226-C provides a ready reference for figuring the right 
transmission equipment for your machines. Free for the 
asking, it's packed with facts, figures and diagrams on 
dimensions, capacities, horsepower and torque ratings 
on Stearns magnetic clutches, brakes and clutch-brake 
combinations. 

Get your copy now. Just send a postcard requesting 
Bulletin 226-C or fill in the handy coupon. Extra copies 


available for your associates. No cost. Just state quantity. 
1066 


MAGNETIC EQUIPMENT FOR ALL INDUSTRY 


STEARNS è MAGNETS 


STEARNS MAGNETIC, INC. 


631-A South 28th Street, Milwaukee 46, Wisconsin 


Please send me . 


Name 
Company 
Street Address 
City... 


copies of new Stearns Bulletin 226-C. 


Title 


Zone State 


capacities of all models. 
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NEW BOOKS 
Design Analysis & Mechanical Parts 


American Standard Involute Spline 
and Serration Gages and Gaging 
(ASA B5.31-1953). 842 x 11 ém., 22 
pp. Published by the American So- 
ciety of Mechanical Engineers, 29 
West 39 St., New York 18, N. Y. 
$1.25. 


This standard covers the subject of 
gages used for different types of fits 
and several systems of gaging to meet 
the demands of various industries. It 
is based on 1950 standards on Involute 
Splines and Involute Serrations. The 
basic principles are applicable to all 
involute splines and serrations. 


Formulas for Stress and Strain by 
Raymond J. Roark, Prof. of Me- 
chanics, the University of Wiscon- 
sin. 6 x 9 in., 381 pp. Published by 
the McGraw-Hill Book Co., Inc., 
330 W. 42 St., New York 36, N. Y. 
$7.50. 


Changes in the latest edition include 
the following: experimental data and 
empirical formulas have been revised 
to correspond with the latest ayailable 
information; new material has been 
added on shear lag, stress and deflection 
of circular arches, flat plates with large 
deflections, pressure vessels and shells, 
and stress concentration; tables of co- 
efficients for stress, deflection and edge 
slope of flat plates have been enlarged, 
facilitating calculations; and the list of 
references has been extended to include 
many recently published books and 


articles covering stress calculations. 


Theory of Plasticity For Engineers 
by Oscar Hoffman, Prof. Dept. of 
Civil Engineering & Engineering 
Mechanics, Case Inst. of Tech. and 
George Sachs, Research Prof., Inst. 
of Industrial Research, Syracuse 
Univ. 6 x 9 in., 276 pp. Published 
by the McGraw-Hill Book Co., 330 
W. 42 St, New York 36, N. Y. 
$6.50. 


This text deals with that compara- 
tively recent branch of mechanics 
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which treats the behavior of ductile 
metals beyond the elastic range. Pre- 
sented in readable and logically organ- 
ized treatment, it not only introduces 
the fundamentals of the science, but 
also gives accounts of all major engi- 
neering applications of the theory of 
plasticity. 

Comprehensively covering the sub- 
ject, the book treats first the basic 
theories of post-elastic behavior, in- 
cluding state stress, strain, elastic be- 
havior of metals, theories of strength, 
plastic stress-strain relationships, and 
experimental data. These discussions 
dre presented in sufficient detail to 
facilitate a complete understanding of 
the engineering applications offered 
later. The applications used are drawn 
essentially from fields in which com- 
parison of working solutions and ex- 
perimental results obtained is possible. 

After treatment of theory, classic 
examples of process which involve 
rather small plastic strains are offered 
as a next step of development, for 
these are most similar to elastic strains. 
After this presentation, there follows 
logically the step to problems of large 
plastic strain. in conclusion, the final 
section is devoted to important tech- 
nological metal-forming processes. 


Textbook of the Materials of Engi- 
neering by Herbert F. Moore, Re- 
search Prof. of Eng. Materials, 
Emeritus, Engineering Exp. St., 
Univ. of Ill., and Mark B. Moore, 
Assoc. Prof. of M.E., Rutgers Univ. 
6 x 9 in., 372 pp. Published by Mc- 
Graw-Hill Book Co., 330 W. 42nd 
St., New York 56, N. Y. $6. 

This revision is a concise presenta- 
tion of the properties of various mate- 
rials, used for machine and structural 
parts, which affect the strength, stiff- 
ness, ductility, and resistance to corro- 
sion or wear. 

The coverage of these properties in- 
cludes methods of production, chem- 
ical and mechanical methods of 
strengthening materials: heat treating, 
alloying, hammering and rolling, and 
aging. Effectiveness of various treat- 


ments for structural or machine parts is 
demonstrated, along with the limiting 
stress, strain, or strain energy under 
which various metals function satis- 
factorily. 

This new edition offers recent in- 
formation given by the electron micro- 
scope, a slight discussion of resistance 
to “fatigue” by metals under compres- 
sive loads. An added special feature 
introduced by the authors and used 
throughout this edition is the use of 
the nomenclature for fatigue of metals 
that has been recommended by the 
AS.T.M. 


Mechanical Vibrations by W. T. 
Thomson, Prof. of Engrg., Univer- 
sity of California. 6 x 9 in., 252 pp. 
Publisbed by Prentice-Hall, Inc., 70 
Fiftb Ave., New York 11, N. Y. $6. 


Completely revised and up-to-date, 
this new edition provides an evenly- 
balanced treatment of the mechanics of 
the simple vibratory systems leading 
to equations of motion common to a 
variety of problems. Combining theory 
and practice, it is a blend of the theo- 
retical basis, and practical "how-to- 
do-it" procedures. 

The introductory material develops 
the fundamentals of dynamics in the 
field of vibrations and lays a founda- 
tion for the understanding of them so 
that there is a practical preparation for 
the solution of any problem that may 
be encountered. 

Although the book is designed for 
elementary use, there is a successful 
attempt to introduce, in a simple man- 
ner, methods suitable for solving the 
more advanced problems in the field. 
Thus, Raleigh’s method, Stodola’s 
iteration process, Holzer's analysis, the 
effective inertia method, Myklestad's 
tabular method, and Dunkerly's ap- 
proximation are included. Many nu- 
merical examples are included to illus- 
strate the methods of analysis. 

Also covered are the vibration of 
elastic bodies, and the electromechani- 
cal analogy and the similarity principle 
as a practical approach to the evalua- 
tion of mechanical systems by experi- 
mental means and techniques. 
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Mechanical 


Parts and Design 


Analysis 


Mechanisms of Sleeve Bearing Failure by P. B. Burgess Power 
Factors of Safety in Tolerance Specifications by Nelson G. 2 Transmission 
Meagle : i 


Tolerance Conversion Chart by Allen Johnson 

Graphical Solution of a Spiral Gear Problem by Otto Lichtwitz ) Mechanical A 

Calculating Design Data from Sample Gears by Alfred Bishop AES Parts and Design F 
* in Analysis 4 

Constant Torque Power Cams by Carl Thumim 

Dynamics of Spring Motion by J. M. Ramrath 


Calculator for G Loading by Joseph F. Sodaro 
| Fastening 
Jewel Bearings by Randall P. Cameron, Jr. . and Joining 


Critical Speeds of End Supported Bare Shafts by L. Morgan 

Porter 
Belleville Spring Nomogram by Herbert Steuer 
Nomogram for Calculating Dimensions of Belleville Disk Springs F 30a Motors, Engines 
Q z. i es SG dd a -~ and Controls 
Vibration Isolation of Equipment With Eccentric Centers of 

Gravity by Sheldon E. Young * 3] 
Graphical Determination of Stresses Defining Unstable Con- 

ditions by Marshall Holt and C. W. deCeault 


Electrical and 
Design Charts for Rectangular Wire Helical Springs by Victor Electronic 


Tatarinov Components 


Temperature Regulators by L. C. Blauvelt 

Special Purpose Mechanisms by Sigmund Rappaport 

Improving Fatigue Resistance of Bolted Joints by J. P. Vidosic F 
Bearing Load Analysis Using Polar Diagrams by Richard J. Derks F 


Developments to Watch F 





VISUAL EXAMINATION OF FAILED BEARING 


` ua ES Ait ALO 


(A) Surface cf seized bearing is severely deformed and distorted 
(X2/5).—(B) Scuffing marks caused by the pickup of bearing alloy on 
the journal are visible at left (X2). Bearing metal has been carried into 
oil distribution pocket.—(C) Relatively small areas spalled in fatigue 
leave a thin layer of soft beoring metal still on the backing (X2). 
Crack networks are visible in remaining metal.—(D) Foreign particles 
have caused scratches and sharp edged indentations surrounded by 
rounded bright areas (X2). Magnetic probe shows when the particles, 
still embedded in the bearing, are steel or iron.—(E) Relatively large 
areas are spalled in bond foilure leaving no bearing metal on ex- 
posed backing (X2). Lining is broken into relatively large pieces. 
Bearing metal remaining has few crack networks and is still ductile. 


Visual indications of causes of 


Mechanisms of Sleeve 


failure that reveal design, lubri- 
cating, and operating factors 
that usually are responsible for 


bearing trouble. 


P. B. BURGESS, 


Assistant Project Engineer 
Standard Oil Company of Indiana 


WHEN BEARINGS ARE CONSIDERED as 
metallurgical structures rather than as 
machine parts, the mechanisms of their 
failure turn out to be relatively few in 
spite of the numerous and diverse 
causes of bearing trouble. Because each 
basic mechanism of failure produces 
characteristic features in the appearance 
of distressed bearings, the mechanism 
can often be deduced by careful exam 
ination. This examination is frequently 
complicated by the simultaneous action 
of two or more destructive factors. 
With a knowledge of the effects of 
stress, dirt, heat, and corrosion, how- 
ever, the most significant mechanism 
in any given bearing problem can usu- 
ally be determined. 

A complete diagnosis of a bearing 
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failure usually depends upon analysis 
of the overall pattern and pertinent 
service information; however, a deter- 
mination of the failure mechanism by 
examination of damaged bearings is a 
necessary step. 

An examination scheme is here pre 
sented for finding the most probable 
failure mechanisms of damaged bear 
ings. The examination is made with 
the help of a wide angled magnifier 
and a magnetized pick or probe. 

In making an examination, every ef- 
fort should be made to select bearings 
that are representative of different 
stages in the failure. “Burned out” 
bearings are usually of little help be- 
cause they all tend to look alike regard 
less of the mechanism of failure. A 
relative appraisal of the severity of the 
damage to different bearings in the 
same machine, however, may be help 
ful in arriving at the cause of trouble, 
particularly when of a mechanical 
nature. 

The principal causes of bearing dis- 
tress are dirt, stress, heat, and corro- 
sion. Each produces disintegration of 


metallurgical structures by character- 
istic mechanisms. The general failure 
mechanisms that will be discussed are: 
(1) Deformation, (2) rupture, (3) 
abrasion, (4) corrosion, and (5) 
melting. 

Because of interaction of the re- 
sponsible factors, more than one of 
these mechanisms may be involved in 
a single bearing failure. For example: 
high bearing temperatures, not suffi- 
cient to cause melting, are frequently 
responsible for failures by deforma 
tion, cracking, and corrosion. Excessive 
temperatures, on the other hand, are 
almost always encountered in the final 
phases of bearing failure regardless of 
cause. Also, many forms of damage to 
bearings increase localized loads or 
weaken the structure and thus promote 
cracking. 


Deformation 


The characteristic result of bearing 
deformation is extrusion of the bearing 
alloy into the oil grooves and out of 
the ends of the sleeve. Extrusion may 
arise from journal loads that are too 
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EXAMINATION OF FAILED BEARING BY SCRATCHING 


(A) Seized bearing surface is scored and 
deformed (X2). Scratch made by probe is 
red but shiny showing lead loss accompa- 
nied by copper compaction.—(B) Hard black 
deposit fills pits in sulphide corroded sur- 
face (X2). Bearing overplate is largely un- 
affected. Bright silvery scratch made by 
probe indicates no selective lead removal. 
—(C) Small rounded pits visible in surface 
of lead corroded bearing (X%4). Scratch 
made by probe is dull red and oozes oil 
under the pressure of the stee! probe. 


Bearing Failure 


high for the bearing as the result of 
poor design or weakening of the bear- 
ing alloy usually because of excessive 
temperatures. Deformation is frequent- 
ly associated with seizure and other 
types of failure. 

A special mechanism of failure in- 
volving deformation is seizure, which 
is usually caused by lack of lubrica 
tion. Seizure is the result of bearing 
metal sticking to the journal so that 
shaft rotation tears the bearing metal 
out of the structure. Severe cases can 
be recognized by the torn and distorted 
appearance of the bearing surface. In- 
cipient cases have characteristic scuffing 
marks; these marks are scratches that 
start at points from which pieces of 
the bearing have been torn. 


Rupture 

Failure by cracking or spalling is the 
result either of bond failure, fatigue, 
or fracture of a brittle structure. 

Bond failure is caused by improper 
application of the lining metal to the 
backing of the bearing and is character- 
ized by complete and clean separation 


LUBRICATION 
ENGINEERING 


along the bond as shown in Fig. 1. The 
unsupported lining breaks up into rela- 
tively large pieces and may be still 
ductile. Conclusive verification of the 
lack of soft bearing metal on the ex- 
posed backing may be obtained by 
scratching with a steel probe. 

Fatigue is caused by alternating 
stresses that are less than the ultimate 
strength of the structure but that are 
sufficient to cause the formation and 
progresive propagation of cracks from 
points of stress concentration. In 
backed bearings, cracks start at the 
surface, progress downward almost to 
the bond layer, and then run just above 
and parallel to the bond as shown in 
Fig. 2. In time, networks of cracks al- 
low pen of the bearing metal to be 
lifted out of the structure. Such pieces 
often are pressed into and smeared 
over the bearing surface. The pieces of 
metal thus spalled out are generally 
smaller than those broken out by bond 
failure. 

Premature fatigue is caused either 
by excessively high stresses or by weak 
or weakened bearing structures, but 
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fatigue also is the normal mode of 
failure for bearings that have given à 
good service life under normal condi- 
tions. Recognition of fatigue depends 
upon the detection of the characteristic 
crack networks and the thin layer of 
lining metal left on the backing after 
spalling. Heating or flexing a fatigued 
bearing helps to reveal fine cracks by 
driving out the oil entrapped in them. 

Selective removal of one of the 
microconstituents of a bearing by pret- 
erential melting or corrosion generally 
weakens and embrittles the structure 
so that it finally fails by cracking. Such 
cracking is often observed in copper- 
lead bearings from which the lead has 
been removed. Somewhat similar crack- 
ing may also result from undesirable 
embrittling contaminants in bearing al- 
loys. Cracking from these causes can- 
not always be distinguished from 
fatigue, since cracking and fatigue arc 
closely related. In cracking failures, 
however, crack networks are usually 
absent and the portions of the structure 
removed are frequently shallower than 
those removed by fatigue. 


Abrasion 


Circumferential scratches caused by 
hard particles cutting the bearing struc- 
ture are characteristic effects of abra 
sion. If the abrasive particles are fine, 
such scratches are not readily apparent. 
Enough material, however, may be 
embedded in the bearing surface to 
give it a distinctly rough appearance 
and a gritty feel. In Fig. 3 is shown a 
babbitt bearing surface in which pieces 
of steel are embedded. The embedment 
of abrasive particles is just as destruc- 
tive as simple cutting of the bearing. 
A dirty bearing is.a stationary charged 
lap that abrades the journal and heats 
the bearing. Because of these and othe: 
effects, dirt in bearings may also cause 
fatigue and overheating with conse 
quent melting or corrosion. 

Because some contaminating pat 
ticles are embedded in almost any 
bearing, it is a question of judgment 
as to when abnormally or harmfully 
dirty conditions are indicated. Gen- 
erally speaking, if the bearings are 
definitely altered in appearance by 
either scratching or embedment of 
foreign particles, operating conditions 
may be considered to be excessively 
dirty. 

By careful probing with a pick, a 
rough analysis can be made of the 
foreign particles embedded in a bear- 
ing. The first classification is between 
metallic particles and nonmetallic min- 
erals. Nonmetallic minerals are usually 
the result of air-borne contamination. 
Metallic particles usually originate 
within the machine. Iron alloys can be 
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Fig. 1 (Top left) —White material at top is babbitt 
lining applied to leaded bronze backing below. 
(X75). Crack runs down through the babbitt and 
then along the bond interface in bond failure. 


Fig. 2 (Top right) —Bond layer between babbitt at 
top and bronze backing below appears as a broad 
dark line because it was not in focus when photo- 
graphed. (X75). Fatigue cracks run down through 
the bearing metal and then along, but definitely 
above, the bond layer. 


Fig. 3 (Left) —Many small white particles in the 
top of the speckled gray babbitt layer are pieces of 


identified by their magnetic properties. 
Copper, brass, and, with some prac- 
tice, aluminum can be recognized by 
color. Care should be taken not to be- 
come confused by particles of re-em- 
bedded bearing metal. 


Corrosion 


Corrosion may be considered to be 
the conversion of metal to metallic 
compounds. To be a serious source of 
bearing failure, the products of cor- 
rosion must be soluble, porous, or else 
be continually removed to expose fresh 
bearing metal to attack. Corrosion is 
often selective in action. It attacks some 
constituents of an alloy faster than 
others. In the removal of lead from 
copper-lead bearings as shown in Fig. 
4, the corrosive agents are generally 
either compounds formed by oil de- 
terioration or by certain organic acids. 

The visual indications of lead-cor- 
rosion in copper-lead bearings are 
somewhat ambiguous and in most in- 
stances a certain diagnosis can only be 
made microscopically. The photomicro- 


steel embedded in the bearing surface (X75). 


Bearing Failure Mechanisms 
and Their Causes 


MECHANISM CAUSE 


Deformation Stress; heat 


Seizure Lack of lubrication 


Bond failure Defective manufacture 


Fatigue Alternating stress; heat 


Brittle cracking Sweating; corrosion ; 


alloy impurities 
Abrasion Dirt 
corrosive media 


Corrosion Heat; 


Melting Heat 


graphs shown in Figs. 5 and 6 show 
this condition on badly damaged bear- 
ings that were characteristic in their 
appearance. Such good examples are 
uncommon in practice. À bearing from 


which the lead has been removed fre- 
quently has a distinctly red color as 
compared to the bronze or brown-red 
color of an uncorroded bearing. 

A better indication of corrosion is 


the scratch test. A clean shallow scratch 
made by a sharp steel pick will be 
either silvery, bright red, or dull red. 
A silvery scratch indicates that the lead 
portion of the structure is intact and 
that none has been lost by either cor- 
rosion or sweating. Red scratches indi- 
cate loss of lead. Generally if the 
scratch is a bright shiny red, the bear- 
ing has lost lead by sweating. If the 
scratch is dull and lustreless and oozes 
oil under the pressure of the probe, it 
is likely that the lead in the bearing is 
corroded. A clear distinction can only 
be made by metallographic examina- 
tion, and even then not all cases can 
be resolved. Recently, radiographic in- 
spection has been used to advantage in 
classifying doubtful cases. 

Another type of corrosion to which 
copper-lead bearings, as well as silver 
bearings, are subject is sulphide corro- 
sion. It generally is the result of engine 
operation with high sulphur fuels. The 
characteristic feature of this form of 
corrosion is the black sulphide deposit 
formed on the bearing as shown in 
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Fig. 4 (Top left) —Copper-lead alloy consists of white 
copper grains and speckled gray lead areas; steel 
backing below (X150). Black areas in top of struc- 
ture are voids left by corrosive lead removal. 


Fig. 5 (Top right) —A pit formed in the top of the 
bearing is filled with sulphide deposit (X250). Cop- 
per grains have been attacked but lead has resisted 
corrosion. The deposit is generally hard and brittle. 


Fig. 6 (Right) —Etching reveals that lead has been 
removed from upper portion of structure to leave 
practically solid copper grains (X150). These grains 
have been compacted and annealed by the heat and 
pressure developed by seizure. Top layer is cracking 
from surface. Lack of lubrication can cause seizure. 


Fig. 5. This deposit is not soluble in 
the common organic solvents and so 
can be distinguished from the varnish 
and resins frequently found on bear- 
ings. This deposit is generally hard 
and brittle, and in severe corrosion is 
associated with pits in the bearing sur- 
face. In copper-lead bearings, the 
scratch test will be silvery indicating 
no selective loss of lead. 


Melting 


When bearing temperatures are high 
enough, all or portions of the bearing 
will melt. When one constituent of the 
alloy has melted and oozed out of the 
structure, the bearing is said to have 
“sweated.” Masses of soft metal along 
the ends or near the low pressure areas 
of bearings are evidences of sweating. 
These masses usually have a rippled 
and flowed appearance. Sometimes, 
beads of "sweat" can be observed 
along oil grooves and at oil distribu- 
tion pockets. In copper-lead bearings, 
which are also susceptible to lead cor- 
rosion, the differentiation between lead 


sweating and lead corrosion sometimes 
can only be made by microscopic exam- 
ination. A sweated copper-lead bear- 
ing usually has a burnished appearance 
caused by operation at high tempera- 
ture. Also, the back and the oil grooves 
of such a bearing are often blackened 
by varnish formed by decomposition 
of the lubricant. Frequently, sweating 
is accompanied by seizure. Scratches 
made in a sweated copper-lead bearing 
usually are reddish in color and have 
a bright lustre. 


Summary 


The scheme of visual examination 
described is somewhat over-simplified. 
Where more than one failure mech- 
anism is involved, it is sometimes im- 
possible without microscopic examina- 
tion to determine the most significant 
failure mechanism. In complex failures, 
however, a fair diagnosis can often 
be made by looking for all the typical 
failure mechanisms and segregating 
them one at a time. 

Most bearing failures can be at least 
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partially analyzed by the procedure de- 
scribed. Undoubtedly, there are several 
other mechanisms that have not been 
discussed. One mechanism purposely 
omitted is cavitation erosion. This 
mechanism is being increasingly en- 
countered, particularly in connecting 
rod bearings of railway diesel loco- 
motive engines and in the wrist pin 
bushings of certain other engines. The 
visible indications of this form of dam- 
age vary considerably and as yet not 
enough experience has been gained to 
identify the effects readily. 

The causes discussed are the links 
necessary to connect the visual indica- 
tions of failure with design, lubrica- 
tion, and operating factors that may 
be responsible for bearing trouble. 


ACKNOWLEDGMENTS: The author expresses 
his indebtedness to Mr. Charles R. Schimpf, 
Metallographer, who prepared the micro- 
sections and the photographs included iri 
this discussion, and to Mr. Arthur C. Davis, 
Lubrication Engineer, who secured several 
of the bearing specimens described. 
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FACTORS of SAFETY in 


Many problems still exist in the application of the principles for in- 


terchangeable manufacturing. One of these is an accurate evaluation 


for factors of safety necessary when specifying tolerances based on 


manufacturing capabilities determined by statistical quality con- 


trol. 


NELSON G. MEAGLE 
Willys-Overland Motors, Inc. 


TO EVALUATE TOLERANCE LIMITS cor- 
rectly, the engineer must consider two 
important factors. First, the require- 
ments of a design should be lm. 
mined so that cumulative variations in 
part size do not result in defective as- 
semblies. In this manner, permissible 
maximum tolerances are established by 
the engineer 

The second factor concerns the 
capabilities of fabrication processes for 
achieving desired tolerances. Consecu- 
tive pieces vary slightly in a given di- 
mension and, in a run of hundreds of 
pieces, the range of differences in size 
increases appreciably. Thus, it is the 


process capability of production tools 
that determines the permissible mini- 
mum tolerance. 

But the fact that a minimum varia- 
tion in size can be held does not neces- 
sarily mean that the process will or 
should be expected to do so under all 
conditions. Changes occur in the ma- 
chine tools and in their operation— 
bushings wear, cutting edges become 
dull, operator skills vary or a process 
setting may not always be at the exact 
center of the tolerance range. And once 
fabrication is complete, there should be 
provision for inspection errors that 
might occur in estimating the quality 
of work by sampling. A tolerance 
should include an allowance for all 
these conditions, in addition to com- 


pensating for dimensional variations 
inherent in tools or processes. 

The tolerance specified should, 
therefore, be set below the upper limit 
determined by the requirement of the 
design, here called upper tolerance 
limit; and above the lower limit as 
dictated by the capability of the proc- 
ess, here called lower tolerance limit. 
Between the process capability and the 
specified tolerance is a spread in which 
manufacturing and inspection opera- 
tions must be controlled. To do this 
economically, the tolerance specified 
should be as close as possible to the 
upper tolerance limit, so as to give the 
widest possible manufacturing spread. 

It is in this gap between the E 
tolerance limit and the specified toler- 
ance, that designers retain a part of 
the permissible tolerance as a factor of 
safety. The use of these factors in toler- 
ances is somewhat different from their 
use in strength of materials. Precise 
working rules based upon conditions 
such as fatigue, impact loading and de- 
terioration in service have been desig- 
nated for safety factors in the strength 


Product Engineering — 1955 Annual Handbook 





QOO! 


* 


Worst pieces- 


Fig. 2, Left—Master curve of 
normal distribution of size 
variations from industrial 
processes. Three examples, 
(A), (B), and (C), each for 
50 samples, show general con- 
formity pattern.—(A) Dis- 
tance on pistons between top 
face and cross hole.—(B) 
Diameter of steering knuckle 
pins.—(C) Thickness meas- 
urements of connecting rods. 


* 


ig. 3, Right—Relationship 
between quality levels of parts 
and related assemblies indi- 
cates that even for the worst 
assembly combination of 
small hole and large shaft 
there would still be 0.0003 in. 


clearance for oil film. 


Hole 


Tolerance, 0.0012 
Process spread, 0.0012 
Estimated percent, 
zero fo 
+0 0002-25 


Clearonce 
Worst pieces would 
reduce clearance by 
00002 








Shoft 
Tolerance, OOO/O 
Percent outside of 
tolerance, 
2.5 all large 
Estimoted worst pieces, 
#00002 oversize 


, 


Tolerance Specifications 


of a part. Though designers generally 
agree that safety factors are important 
in specifying tolerances, there is no ac- 
cepted procedure for their precise 
application. But, with the emergence of 
statistical techniques for exercising di- 
mensional control, it is possible to ex- 
press this tolerance requirement clearly 
and with precision. 


Classification of Quality 
Characteristics 


A basic consideration when dealing 
with the factor of safety in tolerance is 
the classification of quality characteris- 
tics. Quality cannot be controlled unless 
the characteristics of dimensions are 
clearly understood by engineering, pro- 
duction and inspection. Once these 
characteristics are defined, the general 
classification of characteristics breaks 
down into three essential groups; criti- 
cal, major and minor. 

The critical group includes those 
which by themselves could cause the 
failure of an assembly or danger to 
those using it. An example is the weld- 
ing of a combustion engine valve head 


to its stem. The occurrence of just one 
defective weld in a large sample is suf- 
ficient grounds for the rejection of an 
entire lot, because a broken valve could 
cause complete engine failure. The 
establishment and the enforcement of 
processing controls to prevent the 
manufacture of valves with unsound 
welds are about the only answer to this 
type of quality characteristic. 

Major characteristics are the func- 
tional dimensions of a part, other than 
critical. The risk of a defective as- 
sembly is small when an occasional 
piece slightly exceeds the specification 
tolerances. Because the assembly can 
tolerate these slightly out-of-tolerance 
pieces, it is possible to rely upon in- 
spection sampling for quality assurance. 
In such instances, it is advisable to in- 
clude in the tolerance a factor of safety 
that is expressed in terms of an ac- 
ceptable quality level. 

Minor quality characteristics refer to 
all other dimensions and relate to those 
defects that do not materially reduce 
the value or utility of a part or assem- 
bly. In many such instances, factor of 
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safety considerations on these quality 
characteristics can be disregarded in 
favor of expediency in inspection. 


The Inspection Operation 


There being a possibility that the 
inspection department will pass work 
slightly exceediag the specified toler- 
ance, a factor of safety is used to pro 
tect the design against this eventuality 
[t is therefore necessary to understand 
the inspection problem before the 
proper safety factor can be specified 

The inspection function is limited 
by its inability to give quality assurance 
except at a permissible percentage ot 
out-of-tolerance pieces and at a calcu- 
lated risk of being in error. The per- 
missible value of this percentage, as 
used by the designer, is not generally 
specified. 

Modern statistical inspection meth 
ods provide inspection plans where the 
factor of safety is expressed as an ac 
ceptable quality level (A.Q.L.) and a 
calculated risk of accepting bad mate- 
rial or rejecting good. 

Every plan can be expressed in terms 
of an operating characteristic curve, 
three of which are shown in Fig. 1. 
Curve M shows the risk of accepting or 
rejecting lots when a 225 piece sample 
is examined. A rejection is made when 
twelve out-of-tolerance pieces are 
found, and an acceptance made if 
eleven or less defective pieces occur 
Lots that are 2 percent defective will 
pass this plan 99 percent of the time, 
while lots that are 5 percent defective 
will be accepted only 55 percent of the 
time. Curve N illustrates the risk when 
parts are accepted on 14 and rejected 
on 15 in a sample of 300 pieces; curve 
L is the risk of a plan for a sample of 
150 pieces with acceptance on eight 
and rejection on nine. 

The three curves just described are 
known as 2.5 percent A.Q.L. curves 
If a given lot is better than 2.5 percent 
defective, the plan will reject pro- 
gressively fewer shipments. It should 
also be noted that these plans permit 
the acceptance of higher percentages 


Acceptable Quality Level and 
Worst Pieces 

The concept of a factor of safety in 
tolerance expressed as an acceptable 
quality level is not complete without an 
understanding of the relationship be- 
tween the A.Q.L. and the worst pieces 
to be expected in the lot. 

Size variations from industrial proc- 
esses generally conform to normal dis- 
tributions. The curve in Fig. 2 shows 
the frequency with which different 
sizes larger or smaller than the aver- 
age occur. This pattern is clearly evi- 
dent in Fig. 2 (A), which is the fre- 


Eo 





Table I—Upper and Lower Limits of Acceptable Quality Level 


UPPER LIMITS 


Acceptable Quality Level, percent | 


Nuinber of Sample Units Included 
in Estimated Process Average 


| 0.65 


| 
1.0 AS 2.5 





1.492 
1.415 


quency distribution for dimensional 
variation observed when measuring a 
sample of 50 pistons for the distance 
between the piston pin and the top 
face. One piece, or 2 percent, is outside 
of the tolerance. It will be noted, how- 
ever, that the relationship between the 
2 percent and the extent of the worst 
condition is 0.0005 in a tolerance of 
0.0040. A sample of 1,000 pistons 
would show an increasing —— the 
worst pieces, but the relationship 
would still hold. 

A similar frequency distribution 
taken on the diameter of a ground pin 
for a steering knuckle is shown in Fig. 
2 (B). Of the 50 samples, 8 percent 
are outside the specification and the 
worst condition is 0.002 in a 0.007 tol- 
erance, all on one side of the specifica- 
tion. A third instance, Fig. 2 (C), isa 
frequency distribution for measure- 
ments on the thickness of 50 connect- 
ing rods. Of the samples, 24 percent 
are outside the specification range of 
0.002 and the worst pieces are 0.001 
high and 0.001 low. Here again is a 
relationship between the quality level 
or the percentage of out-of-tolerance 
work, and the extent of worst pieces. 


Quality Levels Between Parts 
and Assemblies 


The quality level of assemblies is 
better than the quality level of the 
parts from which they are made. Sup- 
pose for example, there are two parts, 
a shaft and a hole, and that they are to 
be assembled in large numbers. Sup- 
pose further, that the hole sizes are 
evenly distributed about the center of 


2.04 2.78 4.15 
1.95 66 4.00 
56 3.87 


48 3.77 
42 3.69 
37 


31 
23 
16 


06 
97 
91 


87 
83 
80 


the tolerances and that the full spread 
of the tolerance is being used. The re- 
sulting condition will be somewhat 
similar to that shown in Fig. 5, where- 
in the percentage of pieces at various 
segments of the specification can be 
estimated. For example, if the specifi- 
cation range or process spread is 0.0012 
for the hole, 2.5 percent might be ex- 
pected, all on the small side. The toler- 
ance of the shaft is 0.001, so that the 
relationship between percentage of 
out-of-tolerance pieces and extent of 
out-of-tolerance in the worst pieces is 
estimated as 2.5 percent defectives and 
0.0002 oversize on worst pieces. 


Effect of Out-of-Tolerance 
On Oil Clearance Allowance 


The effect of the out-of-tolerance 
condition will be to reduce the oil- 
clearance allowance below the specified 
minimum in some of the assemblies. 
This condition will occur when one of 
the large shafts happens to be as- 
sembled with one of the holes in the 
bottom 0.0002 of the specification. It 
has already been shown that 2.5 per- 
cent of the holes are in the range. The 
probability, therefore, that the use of 
these large shafts will result in as- 
semblies with below-specification oil 
clearance is 0.025 times 0.025 or 
0.0006. There will still be 0.00003 oil 
clearance in the worst condition. 


Factor of Safety and Nature 
of Process 


The shaft just discussed cannot be 
assembled when its diameter exceeds 
that of the hole. Similarly, if the shaft 


750-899 
900—-1,099 
1,100-1,299 


1,300-1,499 
1,500-1,699 
| 1,700-1,899 


1,900-2,249 
2,250-2,749 
2,750-3,499 


3,500-4,999 
5,000-6,999 
7,000-8,999.. 


| 9,000-10,999 
11,000-13,499 
(13,500-17,499 


is far undersized, it may not hold oil 
pressure when in operation. These in- 
herent elements of self inspection are 
typical of many production processes. 
For example, if a forge shop were to 
ship a lot of steering knuckles having 
a quality level of 0.5 percent cracks, a 
serious condition would exist. The 
chances of using a cracked part are 
greatly reduced, however, because 
dozens of people handle these forgings 
in subsequent machining and assembly 
operations. The net result is that the 
shipment passes through many 100 per- 
cent inspections after it finally leaves 
the forge shop. 

If a parts supplier has consistently 
maintained quality much better than 
the specified A.Q.L., it is reasonable to 
expect the next delivery from this 
source to be satisfactory. In such in- 
stances, a higher risk value can be 
utilized. On the other hand, if previous 
deliveries have had a quality level above 
the A.Q.L, it will be necessary to 
tighten the inspection and reduce the 
risk value. 


Quality Assurance at Stated 
Factor of Safety 


Suppose that an A.Q.L. of 2.5 m 
cent has been set and it is desired to 
determine if the process average is 
similar, significantly higher or sig- 
nificantly lower than this level. A large 
number of — at least 1,000, would 


be inspected, and, allowing nothing be- 
yond the gages, the number failing to 
conform fully to the specification 
would be counted. If more than 4 per- 
cent or 40 defects were found (Table 
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Table II—-Code Letters 


LOWER LIMITS 
Inspection Levels 


Acceptable Quality Level, percent LY p — » TOM Ca 
» à — a - I II III 
| Reduced) Normal | Tightened 
0.65 | 7 : r i : 





1.5 |2.5 14.0 | i Q sos 3 ighten 
> -— Üo - - |- - P4. A 


0.22 | 0.85 | 1. 9-15 A 
0.34 | 1.00 | 2. 16-25 B 
1.13 2 26-40 B 
41-65 ë 
66-110 D 
111-180 E 
181-300. . F 
301-500. . G 
H 

I 

J 

L 

M 

N 

Oo 

P 


0.40 








No Reduced Inspection - — — 
For Small Samples 1.29 
and Low A.Q.L. 2 1.31 
1.41 





1.46 
1.55 
1.65 501-800. . 

€— 801-1,300. . 
1,300-3,200 
3,201-8,000 
8,001-22,000 
22,001-110,000 
110,001—550,000 
550,00 1 and over 


1.72 | 3 
1.89 | 3 
1.97 | 3 


2.03 | 
2.08 | 3.46 
2.12 | 3.52 
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Table III—Master Table For Normal and Tightened Inspection, Double Sampling 


w Use first sampling below arrow A.Use first sampling plan above arrow *Use corresponding single sampling plan 


Acceptance Quality Levels for Tightened Inspection Use Column III in Table II for Code Letter 
0.15 | 0.25 | 0.40 | 0.65 | 1.0 | 1.5 | 2.5 | 4.0 | 6.5 | 10.0 
w. Size Cumulative | Acceptance Quality Levels for Normal Inspection Use Column II in Table II for Code Letter 


ode Sample Sample Size | Sample Size 
Letter 


| 
0.10 | 0.15 | 0.25 | 0.40 | 0.65 | 1.0 1.5 2.5 4.0 6.5 10.0 


Ac RelAc RelAc RelAc RelAc RelAc RelAc RelAc RelAc RelAc ReAc Re 
, | 1 3 
I Y 2 





+ + 


"UC | 


3 
11 


uU 
eo 


10| 5 
10 14 


Ow 


| n- | vm | 0! 





12 7 
1219 20 


4 
8 


mM un | 


1710 31 
1730 31 


— — 
Y | OWO] wuwu 


am 


8 
81 


| oo l oo | Q o | 


| eol 


| 5 
1 


8 5 14 7 2915 47| 21 
813 1418 2946 47 64 
10 6 17, 9 3618 67 27 89 
1016 1724 535 3666 607, 88 89 








11| 6 17| 8 2612 5526 88 38 123 
910 1116 1725 2635 5587 88122 123 
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Table IV—Master Table For Reduced Inspection, Single Sampling Only 


‘YY Use first sampling plan below arrow 


Sample Size 
Code Letter 


Sample 
Size 


Ac Re|Ac Re|Ac Re|Ac Re|Ac Re 


A.Use first sempling plan above arrow 


Acceptable Quality Level, percent 


.25 0.40 0.65 1.0 


f 


1.5 2.5 


Ac Re Ac Re Ac Re 


6 
8 
1 


1 

11 13 14 

13 |15 16 

15 18 19 
Í 


 ———sTüwssH au smSV sx Tn rr rrrr — —— 


I, upper limits), inspection would be 
tightened so as to reduce the risk of 
passing defective lots. 

The data in Table I (lower limits) 
show that less than 1 percent or ten 
defectives indicate a process significant- 
ly better than the A.Q.L.: thus making 
it safe to cut inspection to a reduced 
level. From 10 to 40 defects in the 
1,000 prece sample would indicate that 
normal inspection should be used. Of 
course, different operating character- 
istic curves would apply in each case. 

The sample plan for the inspection 
of a lot should take account of previous 
experience with the process average as 
well as the number of pieces in the 
lot. When inspecting a shipment of 
100 pieces, it might be permissible to 
take a large risk, whereas, if a 100,000 
piece lot is concerned, the risk should 
be lower. One procedure for making 
adjustments between lot size. 
process average and sample size is given 
in Table II. Tables III and IV are mas- 
ter charts for normal and tightened in- 
spection, and reduced inspection re- 
spectively. 

To demonstrate the use of these in- 
spection plans, suppose that an A.Q.L 
of 2.5 percent has been set and a study 
of a 1,000 piece sample from the proc- 
ess has shown the process average to 
be 3.1 percent or 31 pieces out of 
tolerance. This is within the expected 
variation from 2.5 percent for this 
sample, therefore, level II or normal 
inspection of the material would be 
called for. 

If a lot of say 5,000 pieces is to be 
inspected, plan M would then be ap- 
plied. Referring to Table III for e 


F10 


these 


letter M, the first sample size would be 
150. Following across in Table III for 
a normal inspection A.Q.L. of 2.5 per- 
cent, acceptance (AC) would be at 7, 
and rejection (RE) for 100 percent 
inspection at 19. The occurrence of 
more than 7 or less than 19 defectives 
requires a second sample that is speci- 
fied in Table III as 300 additional 
pieces. In the cumulative sample of 450 
pieces, acceptance can be with 18 or 
less defectives, while rejection can be 
with 19 or more. 

If more than 4 percent defectives 
were observed in the 1,000 piece study, 


the expected variation from 2.5 per- 
cent would have been exceeded and 
tightened inspection would be in order. 
This would be system N (Table IIT) 
and would require first and second 
cumulative samples of 200 and 600, 
with acceptance at a maximum of 9 de- 
fectives on the first sample or 24 defec- 
tives on a cumulative total of 600. Re- 
duced inspection would be adequate if 
the process study revealed 1 percent or 
less out-of-tolerance pieces. This would 
indicate the system designated by code 
letter L, Table IV, a sample of 30 
pieces and acceptance at 4 or less de- 
fectives. 


Project Scheduling and Control 


A CONTROL BOARD tells at a glance 
the status of a job and its promised 
completion date. Many boards have 
been tried and probably no two arc 
alike because each engineering group 
has problems peculiar to its specific 
ope rations. 

The chief engineer can readily keep 
track of the activities of five engineers 
who may be handling a total of twenty 
active jobs. The engineers in turn arc 
able to keep in touch with the chief 
and have a clear understanding of 
what is required and when it must bx 
completed. Such a group can operate 
effectively and flexibly with a mini 
mum of established procedures. 

With an engineering force of about 
10 men, the chief is unable to spend 
much time with each engineer. As a 
result, each must depend on his own 
judgment for the "what" and "when" 
of projects. Such a situation can be 


corrected or avoided by establishing a 
system of controls and priorities for 
meeting due dates. 

The basis for any realistic schedule 
must be the initial estimate of the 
amount of time required, the number 
of men required and when these men 
will be available. The accuracy of such 
a schedule can be no more accurate 
than these estimates. At its best, this 
operation is more of an art than a 
science; at its worst, it is a frustration. 

The engineering problem itself 
must be clearly stated. This is a mat- 
ter of examining the facts and figures 
in a consistent and systematic manner. 
But when the personnel available for 
the project are considered relative to 
target dates, the clean-cut area of facts 
and figures begins to blend into an 
atmosphere hazy with elements such as 
personalities, health problems and all 
the other unpredictables. 
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Tolerance Conversion Chart 


ALLEN JOHNSON 


President, Oak Knoll Engineering Service 


SINCE IT IS EASIEST to calculate cumulative tolerances from 
dimensions having equal bilateral tolerances, the accom- 
panying chart has been prepared to speed the conversion 
of dimensions having unilateral or unequal bilateral toler- 
ances. 

The chart is entered from the top at the plus and minus 
or the unilateral and zero tolerance points. Diagonal lines 
are followed from the correct pair of points until they cross. 
Vertically below this point of intersection is a value that 
must be added to or subtracted from the basic dimension 


so it can take an equal bilateral tolerance and still retain 
the initial limits. Horizontally opposite the intersection 
point is a key letter. From the tables of key letters, the 
value of the equal bilateral tolerance is found. 


EXAMPLE: Convert the dimension 5.000 with unequal bi- 
lateral tolerances of plus 0.007 and minus 0.004 to a 
dimension with an equal bilateral tolerance. 


SOLUTION: From plus 0.007 follow the diagonal to its 
intersection with the diagonal from minus 0.004. The value 
0.0015 is added to the basic dimension. The key letter, L, 
indicates an equal bilateral tolerance of 0.0055. The new 
dimension is: 5.0015 + 0.0055. 


TOLERANCE ON COMPONENT DIMENSION, 0.001 
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Graphical Solution of a 
Spiral Gear Problem 


OTTO LICHTWITZ 
Mechanical Engineer, London, England 


Method for determining the helix angles of spiral gears when center 
distance, number of teeth, pitch, and shaft angle are specified. 


THE ARTICLE "Using Taylor's Series 
To Solve Spiral Gear Problems, Prod- 
uct Engineering, December 1952, 
shows how a more exact solution of 
an equation can be obtained if an 
approximate value is known. The 
method is demonstrated by means of 
the problem of determining the helix 
angles of spiral gears if center dis- 
tance, number of teeth, and pitch are 
specified, for the special case of the 
shafts crossing at right angles. It 
will here be shown that this problem 
can be solved in a similar, graphical 
way for any shaft angle. The results 
are, of course, affected by slight errors 
in drawing and scaling. Starting from 
these results, however, more exact 
solutions can then be obtained, for 
example, by the method described in 
the article referenced above. 

Shaft angle $, center distance d, 
number of teeth, N, and No, helix 
angles a and 8, and the diametral 
pitch P, are related as follows: 


N l N: 
». Pecosf 
e + B = o 


P COS a 


4 £ 
If a is substituted for JAP 
N 

and b for — - 


2dP of follows that: 


An attempt to solve Eq (1) leads to 


costa — 2(a 4- b cos ¢) cos?a + 
(a? + b? -- 2ab cos $ —sin? $) cos?a + 


(2a sin? $) cos a —a? sin? ø = 0. 


j 


This fourth degree equation scarcely 
invites an exact solution. However, 
it is useful in that it indicates there are 
four solutions; these may be in pairs, 
real or complex, and the real solutions 
may, in particular cases, be identical. 


Right Angle Shafts 


For convenience, the special case of 
$ — 90 deg. is considered first. For 
this condition, Eq (1) takes the form 

- a 2) 
cos a 

Point C in Fig. 1 has abscissa a and 
ordinate b. If a rule or a strip of 
paper on which the distance AB — 1 
is marked is moved so that the point 
A remains on the horizontal and the 
point B on the vertical axis, there are 
generally two positions, A,B, and 
AəBə, for which the edge of the rule 
passes through the point C. The 
angles a, and ag satisfy Eq (2), since 
BC = a/cosa and CA = b/sin a. If 
there should be only one position AB, 
the two solutions are identical. If 
there is no possible position for AB, 
the two solutions are complex. The 
two other solutions to be expected 


which were not discussed in the exam- 
ple of the previous articles, will also be 
considered in the following example. 


EXAMPLE 1. In a pair of spiral gears 
for shafts crossing at right angles, 
N, = 20 and N, = 40, diametral 
pitch = 10, and the center distance 
is 5 in. 

The helix angle of the 20 tooth 
gear complies with the condition as 
expressed by the equation 


20 ; 40 


= 10 
10 sin a 


10 COS a 


0.2 0.4 


cos a 


- =] 
sin «a 

The scale can be chosen arbitrarily; 
a recommended unit is 100 mm. Then 
a = 0.2 becomes 20 mm, b = 0.4 
becomes 40 mm, and AB = 1 be- 
comes 100 mm. In this case, the angles 
a can easily and almost exactly be de- 
termined even without a protractor. If, 
in Fig. 1, the distance OA, is measured 
as approx. 35 mm, COS a, 1$ approx 
0.35, and a, approx. 69 deg. 29 min. 
Similarly, distance OB, can be inter- 
preted as sin ay. Using the approxi- 
mate value of a, as starting point, the 
exact value 69 deg 34.7 min. can 
readily be determined. Distance OB, 
is measured as approx. 52 mm, so that 
sin ag is approx. 0.52, and ag is approx. 
31 deg. 20 min.; the exact value is 31 
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deg. 30.37 min. The first solution may 
be convenient if the 20 tooth-gear is 
driving, and the second if this gear is 
driven. 

Theoretically, angle az 160 deg 
43.63 min. is likewise a solution be- 
cause 

0.2 
cos 160? 43.63" 
= — 0.2119 + 1.2119 


L 0.4 
sin 160° 43.63’ 
= 1. 


The angle a, 81° 48.67’ is still 


another solution since 


0.2 0.4 
cos ( — 81? 48.67") sin ( —81 ?^48.67^) 


= 1.4041 — 0.4041 =1. 

As Fig. 1 shows, these two solu 
tions can be found graphically if the 
points A and B are also moved along 
the negative parts of the respective 
axes. The following rule may serve 
for specifying the angles: The line AB 
can be imagined as rotated around the 
point A until it coincides with the 
horizontal axis in such a way that the 
point B lies at the left hand side of A; 
if the rotation is clockwise, the angle 
is negative; if it is counter-clockwise, 
the angle is positive. 

The fact that for aa and aji the dif- 
ference of two values equals unity 
rather than the sum, indicates that in- 
ternal gearing will be required. This, 


however, is not feasible if the shafts 
are crossing at 90 deg because the shaft 
of an internal gear cannot extend into 
the space occupied by the gear having 
external teeth. 

If the number of teeth had been 
chosen 30 and 60 respectively, the edge 
of the rule would pass through the 
point C’, and as the ratio of the gears 
would remain unchanged, the points 
O, C, and C’ would lie on a straight 
line. However, there are no positions 
analogous to A,B, and A,B», and the 
mathematical interpretation is that the 
two corresponding solutions of Eq. (2) 
are complex. The graphical representa- 
tion indicates that the obvious solution 
is to choose smaller numbers of teeth, 
or a coarser pitch. 


Shaft Angle 
Other Than 90 Degrees 


The sketch in Fig. 2 shows how 
solutions are obtained if the shaft angle 
$, is not a right angle. Line OD is 
drawn at angle $ with the vertical axis, 
and point C is determined by the dis- 
tances a from the vertical axis and 5 
from OD. If the points A and B (AB 
= 1) are moved along the line OD 
and the vertical axis respectively, any 
posiiton for which the connection of 
A and B passes through C indicates a 
solution for the angle a; for as Fig. 2 
reveals, 
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b 


" a 
BC = — — 
cos (ó — e) 


cos a 


and CA = 


Because the shaft angle can be ex- 
pressed either by an acute or the sup- 
plementary obtuse angle, OD" which 
makes angle (180 — 4$) with vertical 
leads to other possibilities. The cor- 
responding point C’ should be entered 
in the top right quadrant, and should 
be the distances a and b from the ver- 
tical axis and from the line OD" re- 
spectively. However, since C and C’ 
would be close to each other and sev- 
eral lines would cross there, it is more 
convenient to use the mirror image by 
entering C’ in the fourth quadrant. 
In this case, P is measured from the 
line OD (Fig. 2) so that OD’ becomes 
superfluous. 

Angle a is specified as in the case 
of a 90 deg shaft angle. The only 
modification is that lines AB are not 
imagined rotated around the point A, 
but rather around the intersection of 
AB with the horizontal axis. More- 
over, if C’ is located in the fourth 
quadrant, the direction of rotating lines 
AB must be reversed. 

Thus, there are twice as many solu- 
tions as in the case of $ — 90 deg. 
However, this advantagc is only ap- 
parent: The reversal of a shaft by 180 
deg. is accompanied by the reversal of 
rotation, and such a reversal can be 
accomplished in the case of ø == 90 
deg by reversing the "hand" of the 


helices 


Fig 2 


EXAMPLE 2. Spiral gears are required 
for $ — 45 deg, N, — 30, Na = 60, 
d == 5 in., and P — 10. 

Eq (1) leads to the condition 


30 60 
s 
cos a 


0.3 


cos a 


= 100 


cos 45 —a) 


0.6 
cos (45 — a) 
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Points C and C’ in Fig. 3 are char- 
acterized by a 0.3 and b = 0.6. 
Disregarding two complex solutions, 
there are six real solutions for the 
angle alpha. The summary of solutions 
is given below. 

Solutions (1) and (2) pertain to 
external gears, and the gears are of the 
same hand because both a and 8 are 
positive. The other four solutions per- 
tain to internal gearing; the gears are 
of opposite hands because in each case 
one helix angle is positive and the other 
negative. On the drawing, the angles 
must, of course, be indicated as posi- 
tive acute angles. For example, in solu- 


tion (3) below, the helix angle of the 
gear having 20 teeth would be 65 deg 
24.35 min, (180 — 114 deg. 35.65 
min.), and the helix angle of the other 
gear would be 69 deg 35.65 min, of 
the opposite hand. 


Right And Left Hand Gears 


If in Eq (1), $ is replaced by 
(—#) and a by (—a), the equation 
assumes the form 

a b 


z ]. 

cos ( —a) cos (—(¢—a)) 
Because the cosine of a negative 
angle equals the cosine of the equiva- 


lent positive angle, the new equation 
is identical to the original one. Each 
solution can therefore be used for the 
two different "hands." However, it 
should be noted that one assumption 
is that d is replaced by (—9). That 
means that in the case ø is not a right 
angle, the arrangement of the shafts 
must be changed to its mirror image, 
which is tantamount to a changed lay- 
out of the shafts. 

In the case where > = 90 deg, the 
change of the “hand” does not affect 
the layout of the shafts, but causes a 
reversal of the direction of rotation of 
the driven gear. 


— — — —ñ— — — —— — — n —hhny 


Solution 


| 


Shaft angle, | 


Helix angles, a 


M 


Lo 


Product 


Pitch diameters 

| 

Do, in D o, in. 
6.885 
6.013 
17.208 
-10.106 
13.153 


7.327 


3.115 
3.987 
7.208 
20.106 
—3.153 


17.327 | -= 
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Calculating Design Data from Sample Gears 


Provides a means of reproducing design data for gears from a broken 
segment or for producing replacements for worn gears of unknown origin. 


THIS SIMPLE METHOD of calculating 
basic design data from a gear of un- 
known origin requires only two mi- 
crometer measurements, taken across 
consecutive numbers of teeth. It yields 
the base diameter of the gear plus the 
circular tooth and circular space thick- 
nesses at the base diameter. From 
these—and the number of teeth, all 
other pertinent data can be calculated. 

The basis of this method is that (1) 
a line normal to an involute curve 
at any point is tangent to the base 
circle from which the involute was 
produced and (2) a straight line tan- 
gent to the base circle and extended to 
the involute is exactly the same length 
as the arc of the base circle from the 
point of tangency of the straight line 
to the base of the involute. Hence, a 
measurement taken with the flats of a 
micrometer or similar instrument, tan- 
gent to the involutes of the two teeth 


Fig. 1— From micrometer measure- 
ments across two consecutive numbers 
of teeth such as a and b, the tooth 
thickness and space thickness at the 
base circle can be calculated with Eqs 
(3) and (4) as given in the text. 


contacted is exactly equal to the length 
of arc subtended by the involutes from 
which the measurement was taken. 

A limitation of the method is that 
pinions of a small number of teeth 
cannot be calculated, since it will be 
impossible to measure across the in- 
volutes of three teeth, the minimum 
required. In general, however, meas- 


Wright Aeronautical Div., 


ALFRED BISHOP 


Curtiss-Wright Corp 


Table I—Suggested Measurements for Various Tooth Numbers 


No. teeth 
between 
measurements 


Pressure angle, 


urements across any two consecutive 
numbers of teeth, excluding one as 
impractical, will be satisfactory. Also, 
if the gear or pinion is badly worn, it 
may be necessary to add an estimated 
or measured excess backlash to the 
measured value. 

To facilitate the taking of microm- 
eter measurements near the pitch circle 
of the teeth and thus avoid the possi- 
bility of including the fillets at the 
bottom of tooth profiles, it is suggested 
that the number of teeth between 
measurements on the sample gear be as 
given in Table I, where the number of 
teeth to be included in a measurement 
increases as the number of teeth in 
the sample gear increases. 


EXAMPLE: In Fig. 1, let 


a — distance across 4 teeth and 3 spaces 
b = distance across 5 teeth and 4 spaces 
t = are tooth thickness at the base 
circle 
arc space thickness at the base 
circle 
Then: 


a 4t + 3s 
b 5t + 4s 


(1) 
(2) 
Solving these equations simultaneously, 
t = 4a — 3b (3) 
Substituting » for the number of 
teeth in the distance a, 
t = na — (n — 1)b 
Similarly 
8 = nb — (n + l)a 
The base circle pitch = (¢# + 5), 


(4) 
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No. teeth in gear 


51-62 | 63 
43-53 | 54 
37-45 | 46 
33-40 | 41- 
30-36 | 37- 


is the number of teeth in 
the base circle diameter is 


and if N 
the gear, 


N (t -- 8) (b — a) N 


x T 


With the base pitch and base circle 
diameter, a diametral pitch can be se- 
lected that will satisfy the known fac- 
tors of the gear. If the gear is stand- 
ard, ie, the tooth thickness equals 
the tooth space at the pitch diameter, 
the PD can be determined as follows: 
Place wires of a diameter equal to one 
half the base circle pitch between the 
gear teeth as shown in Fig. 2. The 
centers of these wires coincide with the 
pitch diameter. The PD can be evalu- 
ated by subtracting the wire diameter 
from the over-wire diameter. 


Fig. 2—A wire having a diameter equal 
to one half the base pitch will have its 
center on a radius at which the tooth 
thickness and space are equal. 
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Procedure for designing power cams as distinguished from 


time displacement cams. The analysis is extended to include 


friction. Numerical examples are presented. 





Averoge force 








ring force 





> 
< 


Stroke - in 


Fig. 1—Plot of spring load vs stroke is typical ex- 
ample of an output curve following Hooke's Law. 


Fig. 2—Constant torque cam for cocking spring with load-displacement relationship shown in Fig. 1. 


) 


l * 


onstant Torque Power Cams 


CARL THUMIM 
Lawson Machinery Corporation 


CAMS ARE COMMONLY USED for ob- 
taining desired motions, for timing, 
and for getting mechanical advantage. 
In most of these applications, the cam 
curve is determined either by the ve- 
locity or by the desired acceleration 
characteristics. Another application, 
equally useful but not so well known, 
is that of obtaining variable output 
forces while the input torque remains 
essentially constant. A system like this 
is useful in isolating the effects of fluc- 
tuating or cyclic loadings from the 
driving motor and gear boxes. Thus, 
obvious advantages are its smaller 
power unit, smaller transmission parts 
—such as gears—smaller overall size, 
and therefore, lower total cost. 

There are several possible methods 
for designing such a mechanism. The 
underlying principles are the same in 
all cases, but the details differ with 
various types of desired output char- 
acteristics. The basic steps are as 
follows: 

l. Starting with the force-displace- 
ment curve of the required output, de- 
termine the total area under the curve. 
This area equals the work to be done. 


F!6 


2. Divide this area and the total 
angular travel of the cam into the same 
number of equal parts, thus defining 
the equal increments of work to be 
done for each corresponding incre- 
ment of cam rotation. 

3. On the curve, find the coordi- 
nates that form the boundaries of the 
equal areas in terms of rise of the 
cam follower and the load. 

4. From the total work, calculate 
the uniform input torque required. 

5. From the torque and load, obtain 
the approximate moment arm of the 
load force at each increment of cam 
rotation. 

6. Plot the shape of the cam, using 
the rise of the cam follower (Step 3) 
and the corresponding cam position as 
coordinates, taking into account the 
point of tangency obtained by plotting 
the line of action of the load normal 
to the moment arm that has been 
calculated in the previous step. 

In the three examples that follow, 
the cam follower is a roller rising 
along a path intersecting the center of 
the cam radially. These were chosen 
to illustrate basic problems that fre- 
quently arise. The solutions all follow 
the procedure just outlined; only the 
details of analyzing the various curves 


differ. In the fourth section of this 
article, a method is presented that in- 
dicates how the effects of friction can 
be included and evaluated. 


1. Output Curve 


Following 
Hooke’s Law 


A typical problem is one requiring 
the stressing of a spring by means of 
an electric motor. The usual solution 
is to use a screw for which the me- 
chanical advantage does not change, 
and the input torque rises at a constant 
rate that is determined by the spring 
gradient. 

The spring to be stressed is shown 
in Fig. 1, the load rises from 100 lb 
to 1,000 Ib, in a 4 in. stroke. If a 
frictionless screw is used, the maxi- 
mum torque can be expressed by 
1,000K where K is a constant. But 
if a constant torque device is used, the 
torque has a uniform value of 550K. 
Obviously, all forces and powers in 
the latter case are only 55 percent of 
those in the former, with resultant 
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Area or work - in Ib 


Fig. 3 left— Curve (a) is typical of Example 2, friction 
being neglected. To include friction, new curve (b) is 
caleulated, and design continued as for zero friction. 
Fig. 4 right—Area for curves (a) and (b) of Fig. 3. 


savings. Applying the general method 


as outlined, the solution follows: 


STEP 1. From the area under the 
curve, the total work done in stressing 
the spring is 


= 2,200 in.-lb. 


(— + 1,000 
4 


9 


STEP 2. Assuming the cam is to 
rotate 275 deg while doing the work, 
both work and angular motion can be 
divided into 11 equal parts, with 200 
in.-lb of work to be done every 25 
degrees. 


STEP 3. At any point of the stroke 
x, the value of the spring force is: 


1,000 — 100 
L, = 100 +( — -) x = 100 + 2252 
4 


The value of x for the first increment 
of area is expressed by and evaluated 
from the relation 


100 + (100 + 2252) 


r — — — — 


2 


= 200 


9x? + 8z — 16 = 0, and 


— 8 = 4/64 + 576 
OR ER ad )- 0.96 
18 


g = 


Thus, the spring force is: 
L, = 100 + (225) (0.96) = 316 


Stroke - in 


Similarly, che sum of the first and 
second areas is: 


100 + (100 + 225r) 
9 


Reduced :o lowest terms, 


9r? + 8r — 32 = 0 


This indicates that the binomial co- 
efficients « and b remain the same and 
that c changes by multiples of 16. The 
other values can be found in Table I. 


STEP 4. The constant torque input 
T required to move the cam is bal- 
anced by a torque output consisting of 
the load L, at any given point x multi- 


Table I—Design Data from Curve in Fig. 1, f=0 


Cam Rotation Degrees | 


Area, In.-Ib. | 


4ac (—) 


640 1,216 


1.49 





125 | 150 


1,000 


2,880 | 3,456 


2,944 





316 | 
1.45 | 


436 | 


1.25 


| 1,200 | 1,400 


4,032 | 4,608 5,184 5, 


T 


FZR&- | ; 225 250 275 


1,600 1,800 2,000 2,200 


760 | 6,336 
| 4,672 5,248 | 5,824 | 6,400 


4.00 





951 | 1,000 








0.87 0.76 | 0.68 
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0.531 | 0.48 | 0.46 
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Table II—Data for Fig. 35, f—0 


Increment | | ín Si 4 


Cam Travel 
Degrees 


5.84 


Area, In.-lb. | 1.46 | 2.92 | 4.38 


0.39 | 0.69 | 0.93 | 1.14 


2.57 | 4.55 | 6.12 | 7. 


| 0.20 | 0.62 | 1.15 | 1.73 


use 
4.37 | 5.93 | 6.97 | 7.77 


| 0.62 | 0.47 | 0.40 | 0.36 


120 


7 9 


10 


5 6 


150 | 180 | 210 | 


240 | 270 | 300 


7.30 | 8.76 | 10.2 | 11.7 | 13.1 | 14.6 


1.66 | 1.80 | 1.96 | 2.1 


11.0 | 11.8 | 12.9 |113.9 


3.68 | 4.32 | 5.13 | 5.87 


8.39 9.28 | 9.53 | 9.77 | 10.0 


0.33 0.30 ! 0.29 | 0.28 | 0.28 


Fig. 5—Constant torque cam for curve of Fig. 3, the 
equation of which is known or can be found. At 30 
deg position of follower, construction is modified to 
show how friction is included. See Table IV. 


plied by its arm 4. The constant torque 
can be evaluated as follows: 
T X 2x X cam deg/360 — work 
For the sample problem, 
2,200 X 360 
T = 459.5 lb-in 


STEP 5. Since T is also the output 
torque at every point, an approximate 
value of the moment arm at every 
incremental area can be found from 
d — T/L,. Values of d at 25 deg in- 
tervals of angular cam travel are tabu- 


lated in Table I. 


STEP 6. The shape of the cam 
shown in Fig. 2 is obtained by first 
laying in the rise x, and then drawing 
a line from the center of the roller 
tangent to an arc of radius d, the cen- 
ter of which is the axis of the cam. 
The intersection of this line with the 
roller circumference gives the approx- 
imate point of tangency. 


2. Output Following 
Curve of 


Known Equation 


When the equation of the output 
curve is known or when it can be 
found, the area of the curve can be 
obtained by integration. For the type 
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of curve shown in Fig. 5, where y in- 
creases as x increases, the equation can 
be found by solving for the coefh- 
cients of 


y = a+ bx + cr? + dr’? 
Coordinates taken from the curve are 


z=0 0.9 12 16 2.1 
y=2 7 8  ? 30 


Substituting some of these values of 
x and y in the general equation, the 
following simultaneous equations 
ensue: 


r 1 2 
r 2; y = 8; a+ 1.2b + 1.44c 
z = ¿.1;1 0;a+ 2.16 + 44lc 


Solving simultaneously, 
a=2 
b = 6.59 


c = — 1.33 
equation of the curve then becomes 


y = 2 + 6.59r — 1.3322 


The 
Using the general method, the design 
now proceeds as follows: 


STEP 1. Integrating the equation to 
obtain the area under the curve, 


*2.1d(y) 
T dr 


Evaluating integral for given limits, the 
area equals 14.6 in.-lb of work. 


STEP 2. Divide this area into 10 


equal parts of 1.46 in.-lb and the cam 
travel of 300 deg into 10 correspond- 
ing arcs of 30 degrees. 


STEP 3. The value of x bounding 
each incremental area can be found 
algebraically by equating the cubic 
equation to values of areas that vary 
by equal increments, or by plotting as- 
sumed values of x as shown in curve a 
of Fig. 4 and reading the coordinates 
which are shown in Table II. 


STEP 4. The constant torque is 


14.6 X 360 
2.715 lb-in. 
2r X 300 
STEP 5. To find y at each incre- 
mental area, the corresponding value 
of x is inserted into the equation of 
the curve and tabulated. The value of 
the arm d is then obtained by divid- 


ing T by y. 


STEP 6. The cam, Fig. 5, is then 
laid out by plotting the rise x at each 
increment of motion, and by determin- 
ing the point of tangency as before. 


3. Output Curves of 


I rregular Shape 


Although the shape of the force- 
travel curve can often be expressed as 
an equation, there are occasions, as 
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Fig. 6—An output curve that cannot be expressed by an 
equation. 


Fig. 7 Right—Constant torque cam for the irregular curve shown 
in Fig. 6. Details of constructing cam shape are identical to those | 
of the two previous examples, with friction neglected. To include | 
friction, see Fig. 3 and Fig. 8. 


/ 
300* 


shown in Fig. 6, where this is prac- 
tically impossible. Here, the curve 
cannot be approximated satisfactorily 
with a usable equation. The solution 
can be obtained by counting the 
squares under the curve and then di- 
viding the area into equal increments 
as before. 


STEP 1. In the curve shown. the 


number of squares is found to be 438 


STEP 2. If the cam is to act in 300 
degrees, both area and travel can be 
divided into ten equal parts corre- 
sponding to 43.8 squares and 30 
degrees. 


STEP 3. The area boundaries can 
usually be determined graphically with 
sufficient accuracy for practical use. 
However, care should be taken to pre- 
vent an accumulation of error. For ex- 
ample, in Area I of Fig. 6, the area 
under the curve after 0.4 in. of travel 
is equal to 39 squares. The next 0.1 
in. of travel must then be divided to 
obtain the equivalent of 5 squares to 
get a total for Area I of 44 squares. 
Since this column of travel is equal 
to 14 squares, it is split vertically in 
the ratio of 5 to 9, the former being 
assigned to Area I and the latter to 
Area II. 

The same procedure is followed for 
eacn oi tne remaining inc rements. 


STEPS 4-6. Essentially unchanged. 


4. Analysis of Friction 


Considerations 


In the examples discussed, all rub- 
bing surfaces were assumed to be fric- 
tionless, which can be approximated 
by the use of anti-friction bearings 
throughout, including guides. In prac- 
tice, however, such construction is too 
costly. Ordinary sliding bearings are 
usually used at the expense of some 
power loss. 

The following method indicates 
how the effects of friction can be eval- 
uated. The frictionless constant torque 
used in all the problems solved previ- 
ously can be obtained graphically as 
indicated in Fig. 8 (A), where L is the 
load on roller A and F is the applied 
force which provides the torque caus- 
ing the cam to rotate counter-clockwise 
on shaft B. The value of F is found 
from force diagram Fig. 8(B). 

If the coefficient of ‘sliding friction 
is taken as 0.20 and applied to the 
equilibrium diagram, 8(C), as de- 
scribed in the article “Starting Friction 
in Mechanical Linkages,” Product En- 
gineering, October 1951, the value of 
F, under friction conditions is found 
from force diagrams Fig. 8(D) to be 
considerably greater than that of F 
which is obtained by neglecting fric- 
tion. The dotted portion of 8(B) in- 
dicates the magnitude of roller force 


,L, that would be necessary to get an 
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applied force equal in magnitude to 
F, under conditions of zero friction. 

Using the zero friction approach to 
the problem of Fig. 3, the input force 
F, obtained by the method outlined 
in Fig. 8(A) and 8(B), is the same 
for all positions of the cam. This some- 
what surprising feature can be verified 
by referring to the detail graphical 
analysis that is presented in Fig. 9. 
When the method of introducing a 
coefficient of friction, Fig. 8(C) and 
8(D), is applied to the various posi- 
tions indicated in Fig. 9, the input 
force F, will, of course, be much larger 
than that of F with f taken at zero 
This has been illustrated for the 30 
degree position. In a similar way, val- 
ues of F; for all positions can be ob- 
tained. 

To permit the use of the “Step” 
method outlined previously, the values 
of F; can be assumed to be the inputs 
required for corresponding larger out- 
put loads, designated as L, obtained 
under conditions of friction equal to 
zero. This is done by using the same 
force diagrams but working backwards 
to obtain L, when F; is given. The 30 
deg location in Fig. 9 shows how 
this is done. Similarly, all values of F, 
can be obtained and plotted as curve 
"b" in Fig. 3 to present a different out- 
put curve for solution. 

From the coordinates of this curve 
the following equation can be written: 


y = 3.5 + 9.67z — 1.462? 
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Fig. 8—Analysis of forces acting on a 
cam, showing comparison of magni- 
tudes with and without friction. 


By integration, the area under the 
curve is found to be equivalent to 24.1 
in.-lb of work. Following all steps in 
order, the values obtained are shown 
in Table IV. The uniform torque is 


24.1 X 360 
T -(- — —)= 4.61 Ib-in 


2x X 300 

A comparison of the magnitudes of 
the x and 4 values in Tables II and IV 
indicates that the variations for the 
corresponding cam positions are com- 
paratively small. In fact, the differ- 
ences may be considered less than the 
discrepancies that will be introduced in 
constructing and scaling values from 
the force diagrams. Therefore, the cam — 
outline for all practical values of fric- — 
tion would not differ materially from 
that obtained when friction is neg- 
lected. The main difference lies in the 
two values of the input torques, which 
are 2.77 lb-in. for f equals O; and 4.61 
for f equals 0.20. 

The calculation then need be car- 
ried only up to the point of obtaining 
the area under the curve when friction 
is considered. After this area is deter- 
mined, the constant input torque with 
friction can be calculated. 


F20 


Area In.-lb. 


Cam Travel Degrees 


Cam Travel Degrees 


X 


Fig. 9—Force diagram for the output curve of Fig. 3. 


Roller load at 30 deg position is represented by L, for 
zero friction and L;: for a coefficient of friction of 0.20. 


Table III—Data for Fig. 6, f—0 


| 1 | m | mr |] 1V | | V | vi [vir vin] IX|X 
| 5: L 


90 


|120| 150 | 180 | 210 240 | 270 | 300 


| 30 | 60 | o0 


(0 430 721 011 331 682 02 2 2912 hs 7788 00 


280 | | 320 | 298 | 254 | 256| 290 345 | |3 376 | 382 | 363 


0.60! 05210 56/0 66) 65 0.580 480 4410 4410.46 





Table IV—Data for Fig. 3, f=0.20 


a 1 


90 | 


7.23 


E 6 


180 


7 
60 


30 | 
| 


2.4114 82 14.5]. 


| 


0 420 71|0.9511.1411 321. 48 








— 
4.06/6 87 


0 27|o.72|1 


7.29|9.65 


0.64 


l9. 9.19111 12.8/14.3 





32/1 . 80/2 . 55/3 . 22 


13.7 





11.4/12.8 14.6 
































0.48|0.41|0.36/0.3410.32 
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Dynamics of Spring Motion 


J. M. RAMRATH 
Allis-Chalmers Mfg. Co. 


IN MANY DESIGN PROBLEMS associated 
with springs, it is desirable to know 
the instantaneous values of time, vel- 
ocity and acceleration that apply to the 
motion of the end of a given spring 
during periods of extension or contrac- 
tion. The following graphical method 
for obtaining these data, for both ten- 
sion and compression springs, is based 
on the relationships that exist in sim- 
ple harmonic motion. The method. as- 
sumes that in extending or contract- 
ing, the motion of the end of the 
spring is similar to the motion of the 
projection, on any diameter, of a point 
traveling with constant angular vel- 
ocity about a circle. The method also 
assumes that the spring rate is con- 
stant. 

The first step in the procedure is to 
draw a scaled diagram as shown in 
Fig. 1, which relates spring displace- 
ment with the force applied to the 
spring. The construction of the tri- 
angle that defines load-displacement 
relationships is obvious from Fig. 1 
The point F, represents zero force on 
the spring. Force F, is the load acting 
on the spring at the end of its stroke 


R. Forces F; and F; represent spring 
load at intermediate points in the 
stroke as designated or specified by the 
distance x; and x». 

The stroke R is rotated about F, to 
intercept a perpendicular erected from 
point F,. Lines F? and F4 are extended 
to intersect the circle described by R; 
then radial lines are drawn from the 
points of intersection to F.. In this 
manner, a displacement angle wtp is 
obtained for positions of the rotating 
vector that correspond with the spring 
displacement x. These displacement 
angles, from which the required data 
can be calculated, can be measured 
directly on the diagram. 

For greater accuracy, of course, the 
displacement angles can also be de- 
termined mathematically using trigo- 
nemetric functions as follows: 


cos"! (R — z))/R (1) 
cos"!(R — z))/R (2) 


wtp, = 


wİF3 =a 


Where a is the acceleration in feet 
per second?, and M is the mass of all 
parts accelerated by the spring plus 
one-third of the mass of the spring 
itself, the fundamental equation of 
motion is 

- Ma (3) 

Since the spring follows the laws of 


simple harmonic motion, the accelera 
tion can be expressed 
a = Rae*coset (4 
This acceleration has a maximum 
value at the beginning of motion, at 
which time the displaced angle or; 
is zero, the time fp; is zero, and cos 
is unity. Substituting the latter 
value in Eq (4), there results 


wh py 
a, = Re ; 


» 2 
@ = a /R , 


radians/sec 6 


Since the angular velocity o is con 
stant, Eq (5) can be substituted in 
Eq (3), 

P, = MRa: 


Ç@ = a F, MR 5 


The displaced angle o£», at the end 
of the stroke is 90 deg, or 1.57 radians. 
The time elapsed for the stroke is 

Tr, = 

To get instantaneous values of time 
ty at any displacement x, the value of 
o as given by Eq (8) can be substi 
tuted in Eqs (1) and (2), thus 
(R — z)/R]/o 10 
[eos1(R — z+)/ R] /o 11) 


to get 


1.57/w, sec 9 


tp: = [cos” 
tr: = 


Similarly, instantaneous vel- 
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ocities V, the relations of simple har- 
monic motion can be used, thus 
'o- Resinet (12) 
The procedure for applying the 
method to a design study is illustrated 
by the solution of the following ex- 
ample. 


EXAMPLE: Given a coil compression 
spring having the following character- 
istics: Outside diameter is 27$ in., has 
8 active turns and 91^ total turns of 
0.3125 in. dia wire, free length is 6% 
in., and the weight of spring is 1.69 
lb. Working stroke of spring is 3.3125 
in. The weight of the parts accelerated 
by the spring is 6 pounds. 

Load required to compress the 
spring to its solid height is 597 Ib. At 
maximum working stroke, in its com- 
pressed position the spring exerts a 
force F, of 332 Ib. At an extension of 
115 in. from its maximum compressed 
position, the spring exerts a force F; 
of 180 Ib; and at an extension of 3 in., 
a force of F4 of 50 Ib. A travel of 354, 
in. carries the spring to its fully ex- 
tended position. 

Determine the time, acceleration 
and velocity of the end of the spring 
at different points in the spring stroke. 


SOLUTION: Mass of the accelerated 
parts is 
M, = 6/32.2 = 0.1863 slugs 
One-third of the mass of the spring 
IS 
Mas 1.69/(32.2 X 3) = 0.0173 slugs 


Thus, 
M totat = 0.2038 slugs 


Initial acceleration, 
F, 332 


api = = — 
M total 0.2038 
= 1,630 ft/sec, 


Rotating vector, 
R = 3 5/16 in. = 0.276 ft 


Angular velocity, 


/ a / 1630 

£d acm & d ^ 

\ R \ 0.276 
5,900 = 76.8 rad/sec 


From Fig. 2, 


cos wir; = | 
R Xi; 


cos wtp 9 
R 
0.5471 


R — X; 


R 
0.0944 


COS wt; = Ü 
Therefore, 


wtr, = 0 

wpe = 56 deg 50 min = 0.99 rad 
wp; = 84 deg 35 min = 1.48 rad 
wt ro 90 deg = 1.57 rad 


Substituting in Eq. (4), 


ay 1.630 ft/sec? 

ar 0.276 X 5,900 X 0.5471 
890 ft/sec? 

ap; = 0.276 X 5,900 x 0.0944 
153.5 ft/sec* 


apo = U ft/sec“ 


— Fr length 6% 


And, dividing the wt values by o, 


lr, = 0 sec 
0.99 
lre = 0.0129 see 
76.8 
1.48 
0.0193 sec 
76.8 
1.57 
tro 0.0204 sec 
76.8 


Using Eq (12) and the following 
values for the trigonometry functions, 


sin 0 = 0 
sin 56 deg 50 min = 0.837 
sin 84 deg 35 min = 0.995 
sin 90 deg = 1.0000 
m0 
"pa = 0.276 X 76.8 X 0.8371 
17.7 ft/sec 
Ves = 0.276 X 76.8 X 0.9955 
z 21.1 ft sec 
Vero = 0.276 X 76.8 X 1 = 21.2 ft/sec 


l 
5 


To obtain all instantaneous values, 
rotating vector diagram, Fig. 4, is con- 
structed. A convenient time scale is 
found and laid off on the horizontal 
line. Then, R is laid off to any con- 
venient scale. The curve points pro- 
duced from Xitpe, X»/p4 and Rtpo 
are connected with a smooth sine curve, 
which is the displacement curve wt. At 
the end of time scale, a perpendicular 
is erected and the velocity points 
marked off on it to a convenient scale. 

Similarly, the velocity curve points 
are connected. The acceleration curve 
is drawn by erecting a perpendicular 
line at the zero time point and using 
a sine curve to connect all points. 


 —.R"Ñ U eja —— -  — — — 
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V ft/sec 


yeiocity, 


N 


in 


v 
c 
a 
E 
v 
o 
o 
a 
- 
o 


II i2 3 
Time ,t,sec 


ft/sec? 


Accelerotion,o, 


FIG. 3—Rotating vector diagram plotted 
from data as calculated for the spring 
described in the text. The diagram gives 
instantaneous values for time, accelera- 
tion, and velocity at any position of stroke. 
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Calculator for G Loading 


JOSEPH F. SODARO 


Normal acceleration or the g loading 
that is developed by a rotating body, 
such as a centrifuge can be determined 
quickly with the aid of this nomo- 
'raph. The equation upon which the 
nomograph is based is given on the 
chart. 

The nomograph consists of two g 


P 


i4 
3000 Am 


Nc uw se. 


scales, and N and R scales. The N and 
R scales have left-hand and right-hand 
graduations. Secants that connect val- 
ues on the left-hand sides of the N 
and R scales are used with the g’ scale 
to determine the position of the deci- 
mal point. Secants that connect values 
on the right-hand sides of the N and 
R scales are used with the g” scale 
to determine the significant figures. 


Decimol point 


3 
3 , Accel 
32 2 


: 0 284 N^RxioO'^ 


The left and right-hand scale arrange- 
ment increases the range of the chart. 


EXAMPLE: R — 5.5 in.; N — 325 rpm 


SOLUTION: Using the left hand scales, 
Line I gives g' between 10 and 100. 
Using the right hand scales, Line II 
gives the significant figures 165 for g”. 
Therefore, the value of g is 16.5. 


aak rom radius (ft) 
32 2 x 3600 


R - inches 


30 IO 


J 


— Ar — —  Signilicont figures -——3^ —— — — 
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(F) Ring jewel 


(E) Ring jewel 
(olive) 


(stroight) 


Ring Jewel 


4 1 t 7 


Instrument mount 
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(C) Double cup (0) Orifice 


= BVA 


Precision Components for Quality Equipment... 


Jewel Bearings 


Where to use jewel 
bearings, with tips 
on choosing the 
right material, jewel 
shape, and mounting 
arrangement. 


RANDALL P. CAMERON, JR. 


Manager, Richard H. Bird & Co., Inc. 


JEWEL BEARINGS are used in low 
torque instruments and control de- 
vices whenever a low coefficient of 
friction, nonmagnetic properties and a 
long life expectancy are salient require- 
ments. The materials normally used are 
sapphire and hard borosilicate glass. 
Sapphire is harder and more expensive 
than glass and is used for the more 


complicated bearing shapes and where 
heavy moving elements are to be sup- 
ported. 

The majority of the sapphire units 
are supplied by foreign sources, prin- 
cipally the Swiss producers, while glass 
jewels are available from domestic 
manufacturers. However, there are 
facilities in this country for small quan- 
tity production of sapphire bearings for 
test and experimental use. The do- 
mestic jewel bearing industry also in- 
spects and mounts foreign made jewels 
and more or less acts as a clearing 
house for jewel bearing users. 

The coefficient of friction of a 
hardened steel pivot operating with a 
sapphire Vee jewel will range from 
0.15 to 0.19, while with a glass Vee 
jewel an average of 0.18 can be ex- 
pected. 

The selection of the proper jewel 
material depends on the type of bear- 
ing, the weight of the moving element, 
and the conditions under which the in- 
strument will operate. Under average 
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conditions, a conical pivot and a glass 
Vee jewel can support a moving ele- 
ment that weighs 24 gram or less. 

Where the instruments are not sub- 
jected to rough usage, glass bearings 
have been used with heavier loads. 
Cushioned jewel assemblies have also 
helped to increase the usefulness of 
jewel bearings. In border line applica- 
tions the instrument should be subjected 
to tests simulating actual operating 
conditions to determine whether glass 
jewels are satisfactory or whether 
sapphire must be used. 

Jewels of other than the Vee shape 
are usually fabricated from sapphire 
While sapphire jewels can replace glass 
in all applications, it is better to use 
glass if it satisfies the requirements 
since the user is assured of a domestic 
supply, savings in material cost, and 
better delivery. 

Types of Jewel Bearings 

There are many standard shapes of 
jewel bearings as shown in Fig. 1 
Other types have been used, but they 
were designed to solve particular 
problems. 

The shape of the jewel is determined 
by the type 0^ pivot it must support. 
This in turn depends on the problems 
involved in suspending the moving ele- 
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BEES SEES RA e- 


Polish both faces 


2 a 
Round all corners 
Gem finish in Vee ond Radius 


Round all corners 
Gem finish on Cup (or Cups) 


A-Outside diometer . 
B-Thickness 


A~- Outside diameter 
B- Thickness 


A-Outside diameter 
8-Thickness 


A-Outside diameter 
B-Thickness 


C- Depth 
D- Rodius 
E- Angie 


D I 
7 °° iod 
u 


Qutside diometer 


C - Depth 
D ~- Rodius 


Ring 
jewel 





Thickness 


Depth of Vee or Cup 


Rodius ot opex of Vee 


C- Hole size and type folive, straight) 


(straight) 


C-Depth of Vee 
D-Hole size 
E-Aag/e of Vee 


Ring 
jewel 
(olive) 


Endstone 








Hole size 





Angie of Vee 


Type hole 


Cup size 





orea 


Moterial 


kamata 


Gloss 


Glass 


Sapphire 


Sapphire 


Sapphire 


Sapphire 


Fig. 3— Specifications required by the jewel manufacturer. The diagrams show the 
location of the dimensions on four bearing shapes. In ordering jewels listed in the 
chart all information should be. supplied except that covered by crossed out boxes. 


ment and on the operating conditions 
of the instrument. If a conical pivot is 
used, the bearing will most likely be a 
Vee jewel, although both single — 
double cup jewels can be used. It is 
also possible to use a conical de 
in conjunction with orifice jewels. 
Cylindrical pivots can be supported by 
any of the ring jewel designs and com- 
binations. Endstones are used with ring 
jewels and a cylindrical pivot. 

A. Vee jewels—are found in indi- 
cating instruments, aircraft and marine 
instruments, clocks, and parking meters. 
They are used in conjunction with 
conical metal pivots but do not allow 
the exactness in positioning and align- 
ment of the ring or hole jewel. 

Vee jewels are usually mounted in 
an adjustable screw or plug, so that the 
endplay can be adjusted to suit the 
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assembly. Care must be exercised in 
assembly so that no damage occurs to 
either the jewel or the pivot. 

Vee jewels are made from both 
— and hard borosilicate glass, 
the sapphire jewel being approximately 
two to three times as expensive as the 
glass. 

B. Cup jewels—are found in com 
pass assemblies, hot air motors, and 
watt-hour meters. For minimum fric 
tion in compass applications a conical 
pivot with a small end radius is used 
with the cup jewel. In units similar to 
a watt-hour meter, the cup jewel can 
be used in combination with ball type 
pivots, or two cup jewels can support 
a steel ball between them. The shape 
of the cup gives the pivot considerable 
freedom. This freedom of movement 
must be restricted for proper operation. 


Glass cup jewels are used in light 
compasses, while sapphire jewels arc 
used in large marine units and survey 
ing compasses. Watt-hour meter appli 
cations have used sapphire jewels ex 
clusively; although attempts are being 
* to substitute glass bearings. 

Double cup jewels—have the 
same general fields of use as the single 
cup bearing. The addition of the small 
cup at the bottom of the larger cup 
restricts pivot sideplay and insures bet 
ter positioning of the moving element 
Many compass installations use this 
type of jewel. It can be obtained in 
either sapphire or glass, with the for- 
mer being more: common. 

D. Orifice jewels—more commonly 
known as drilled Vee jewels, are usu- 
ally used for metering the flow of 
gases or liquids although they can be 
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used as bearings in combination with 
conical pivots. The jewel consists of a 
Vee bearing with a close tolerance 
hole drilled through the apex of the 
vee to the back of the jewel. These 
are only made from sapphire. 

E. Ring or hole jewels—are the 
most common type and are found in 
gages, aircraft instruments, electrical 
measuring instruments, watches, and 
clocks. They are mated with cylindrical 
pivots and while they can be fabricated 
in glass, sapphire is the usual material. 
This type of bearing is available in a 
variety of shapes and designs, the 
simplest of which is the straight hole 
jewel. 

With a straight hole jewel and a 
cylindrical pivot, the bearing must be 
accurately aligned if small clearances 
are to be maintained between the 
jewel hole and pivot diameter. This 
combination should only be used 
where it is possible to maintain the 
required close tolerances. By the ad 
dition of a shoulder on the pivot, the 
ring bearing can serve as a thrust bear 
ing as well as a journal bearing. The 
shouldered pivot comes in contact with 
the polished face of the jewel under 
thrust loads. This jewel is normally 
p in sapphire, however, it can 

e produced in glass. 

F. Olive hole jewels—are a further 
refinement of the ring jewel and give 
a bearing with a smaller contact surface 
that facilitates the alignment. This 
type has single point contact between 
the cylindrical pivot and the high point 
of the jewel. This high point will occur 
somewhere in the m:ddle third of the 
hole surface. 

The use of an olive hole bearing re- 
duces bearing alignment problems. This 
type can stand a small amount of mis- 
alignment and a closer fit between pivot 
and hole diameter. The shoulder pivot 
thrust bearing arrangement can also be 
used with this type jewel. 

G. Ring jewels with a cup—ate a 
third type of ring jewel bearing com 
monly found in the watch industry, 
but also used in the instrument and 
gage fields. These jewels can be ob- 
tained with either straight or olive 
holes. The cup serves as an oil reser- 
voir for lubrication of the pivot. 

H. Bombé ring jewels—are used to 
obtain low thrust bearing friction. The 
surface is shaped to allow only point 
contact with a pivot shoulder, compared 
with the large contact area of the flat 
top iewel design. In addition, Bombé 
jewels are usually supplied with olive 
holes for minimum friction both as a 
journal and thrust bearing. These are 
only available in sapphire. 

I. Endstones—are end thrust bear- 
ing plates which are used with one of 
the various types of ring jewels. They 
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Table I—Standard Glass Vee Jewels 


O.D., Thickness, Radius, 
in. in. in. 


Depth of Vee or 
cup, in. 


Angle, 


deg. Contour 





0.030G 


0.045-0.070 
0.035 G 


0.035 G 
0.035 G 


0.040 G 
0.040 G 


0.040 G 
0.040 G 


0.055-0.090 
0.040 G 
0.040 G 
0.055 G 
0.055 G 


0.040 0.003-0.004 


0.003-0.004 
0.003-0.004 


0.003-0.004 
0.005-0.006 


0.001-0.002 
0.003-0.004 


0.003-0.004 
0.005-0.006 


0.003-0.004 
0.003-0 004 


0.006-0.008 
0.005-0.006 


0.070 


0.076 


0.080 


Normal variance in outside diameter is 0.003 in., 
obtained either ground (those items noted by the G) 


a thickness variance cf about 0.025-0.035 inches. 





80 0.010-0.015 
70-90 0.012-0.018 
80 0.012-0.018 
80 0.015-0.020 
0.012-0.015 
80 0.015-0.018 
80 0.012-0.018 
80 0.012-0.018 
80 0.012-0.018 V 
70-90 0.010-0.016 V 
80 0.012-0.018 V 
90 0.015-0.025 V 
100 0.020-0.025 V 
120 0.020-0.025 Cup (Single 
or Double 


in angle 10 deg., in thickness the jewels can be 
to a uniform thickness, or as unground with 





The size of the mounting screw or plug depends on the root diameter of the thread. There should 
be a side wall thickness of at least 0.0075 in. for a proper assembly. 


further reduce end thrust friction by 
applying the thrust load to the end- 
stone via a highly polished radius on 
the end of the pivot. The most common 
application of this type of thrust bear- 
ing is in watch balance assemblies. 
Sapphire is the usual material, with 
some glass endstones being used. 


Bearing Mounts 


To be of use to the instrument 
manufacturer, the jewel must be 
mounted in some type of holder, Fig 
2. Usually this is a brass screw or bush 
ing, although other metals have been 
used. The jewel is mounted in the hold- 
er by one of four methods: friction set- 
ting, adhesive setting, spin setting, or 
cushion setting. 

Friction set jewels are common in 
the watch industry. The jewel and set- 
ting are assembled by applying pressure 
and forcing the jewel into the seat. 
With this method, the outside diameter 
of the jewel and the hole in the set- 
ting must be held to close tolerances. 

A second method of assembling the 
jewel and mount is by using some 
type of adhesive, such as shellac. This 
is a last resort when conventional meth- 
ods fail, and is seldom used. 

In the spinsetting method, the jewel 
is mounted in a setting and the setting 
material spun over the beveled edge 
of the jewel to hold it in place. This 
method does not require the closely 
held diameters that are necessary in 
friction mounting since each jewel is 
handled individually, and the jewel 
seat cut to fit the bearing. No strain 
is placed on the jewel bearing, and 
there is no additional stress caused by 
the setting. However, because of the 
added operations this method is slower 
than the friction method. 

The demand for meters and instru- 
ments that will withstand severe con- 
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ditions of vibration and shock has led 
to the development of shock mounted 
jewel bearings. These use springs or 
other shock absorbing materials such 
as silicone rubber. 

Spring mounted jewels have been 
ed in many heavy element meters 
They show good shock survival char- 
acteristics but have limited usefulness 
because of the high cost of spring 
mounted assemblies. The spring and 
mounting operation are difficult to con- 
trol during assembly and this has re- 
flected in the price but, in many in- 
stances, glass jewel assemblies may be 
used. 

Cushioned jewel assemblies are rela 
tively new and extensive performance 
data are not yet available. Tests of glass 
Vee bearings, mounted conventionally 
and cushion mounted, are currently 
being run under government auspices 
The results show that the instruments 
with cushioned jewels are subject to 
less bearing and moving element dam- 
age, and read more accurately after 
shock and vibration tests, than any of 
the conventionally mounted units. 

Some instrument manufacturers have 
found that cushioned units have an- 
other advantage in that they reduce 
jewel damage during assembly. With 
conventional mountings, excessive 
tightening of the bearing causes the 
pivot to bottom with the possibility 
of damage to the bearing or pivot 
Cushioned units give a factor of safety 
and do away with one of the headaches 
in meter assembly by reducing waste 
and instrument teardowns attributed to 
poor judgment in bearing adjustment. 

Cushioned assemblies have helped 
the inexpensive glass jewel compete 
with the costlier sapphire bearing. The 
increasing acceptance of glass jewels is 
reducing instrument manufacturers de- 


pendence on foreign sources. 
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Critical Speeds of End Supported Bare Shafts 


L. MORGAN PORTER 
Pratt & Whitney Aircraft 


THIS NOMOGRAM solves the equation for the critical speed 
of a bare steel shaft that is hinged at the bearings. For 
one bearing fixed and the other hinged multiply the critical 
speed by 1.56. For both bearings fixed, multiply the critical 


speed by 2.27. The scales for critical speed and length of 
shaft are folded; the right hand sides, or the left hand sides, 
of each are used together. The chart is valid for both hollow 
and solid shafts. For solid shafts, Dy = 0. 


Nc — .46.886(10) V Di -- 02 - 
L? 


E 
a 
~ 
o 
z 
d 
o 
o 
a 
uo 
9 
= 
o 


where D, OD 


Ds: ID 


Shoft Length, L , in 


Example:- 


D,* 6.3 in., 0245.8 in., /D? 0? - 8.56 


L «130 in. 


Nc*2,375 rpm 


For Aluminum multiply values of Np by 10026 
For Magnesium multiply values of N; by 0.9879 


IS 
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== spring load, lb; loading and support 4. f 
T ioni) distributed around the cir- 


cumferences ' 
S —: maximum stress, psi 
D — outer diameter of disk, in. 
d — inner diameter of disk, in. 
t — thickness, in. 
h — free height, in. 
| {£ = axial deflection, in. 
E = modulus of elasticity, psi 


u == Poisson's ratio; for steel, u = 0.3 

D/d, h/t, i/t = dimensionless ratios 

M, Cı, Co = constants that depend on the 
see Table I and Fig. 1. 


ratio D d, 


Fig. 1 — Load and stress 
constants for calculating 
disk springs. 


Lg 
BoA 
or 8L LI 


s 


l4 18 22 


Belleville Spring Nomogram 


HERBERT STEUER 
Engineer, VDI 


THE NOMOGRAM CHART inserted be- 
tween pages F30 and F31 is based on 
the formula given by J. O. Almen and 
A. Laszlo in "The Uniform-Section 
Disk Spring", Trans. Amer. Soc. Mech. 
Engrs, 58, 1936, p 305 to 314. The 
derived formulas from which the nomo- 
gram is plotted are 


4E t f 
— (1-4?) MD? t 


[G 


48 € f x 
 » 1-9» MD? t * 


c h T : 
UR 1 a | tC? 


In calculating data for plotting the 
Nomogram, the following relationship, 
which is based on experience, is used 


> 


4 E/(1 — 2) =1.3xX105 


Values of the terms M, Cı, and C», 
which are dependent upon the ratio 
D/d, are given in Table I and in Fig. 1. 


The nomogram yields a high degree 
of accuracy. It relates the spring load P, 
the maximum tensile stress $, and the 
axial deflection f with the dimensions 
of a single Belleville disk made of 
spring steel. When two or more disks 
are grouped either in parallel or series, 
the data taken from the nomogram 
must be applied in accordance with the 
condition of loading imposed by the 
specific method of disk arrangement. 


Disk Arrangements 


1. Series Arrangement. In a series 
arrangement, the Belleville disks are 
stacked alternately in a bellowslike ar- 
rangement. 

In this arrangement, load capacity is 
limited by that required to produce 
the maximum permissible deflection in 
a single disk. The load capacity is lim- 
ited by that required to produce the 
maximum permissible deflection in a 
single disk. The load capacity is not 
influenced by the number of disks 
stacked in series. 

The total deflection of the stack is 
the product of the number of disks and 
the deflection of an individual disk. 

Springs loaded in series are subject 
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to friction only at the areas of loading 
and of support contacts. 

2. Parallel Arrangement. In a paral 
lel arrangement, the disks are nested 
In practice, i: is seldom that more than 
three Belleville springs are placed or 
arranged in a nest. 

In this arrangement, load capacity is 
proportional to the number of disks 
The load capacity, however, is reduced 
by friction between the surfaces of the 
disks. 

The total deflection of two or three 
springs arranged in parallel is equal to 
the deflection of any individual spring 
in the group. 

3. Series and Parallel Arrangements 
Combined. The deflection range of 
single springs, the load capacity of the 
assembly, and the amount of friction 
damping can be varied by combining 
series and parallel arrangements in an 
assembly. 


Dimensionless Ratios 


SPRING RATE. The ratio of free height 
b to the spring thickness ¢ determines 
the character of the spring rate of an 
individual disk. 

With 5/t less than 1.0, the spring 
rate is nearly constant and is similar to 
that of a helical spring. As shown in 
Fig. 3, the deflection is approximately 
proportional to the applied load. 

With 4/t greater than 1.4, after 
reaching a maximum the deflection in- 
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creases, similarly to that in Fig. 5, with 
a decreasing applied load. 

In series arrangements, the combina- 
tions of 4/t and f/t ratios included in 
the shaded portion of Field III of the 
nomogram give optimum dimensional 
proportions. In selecting a Belleville 
spring, for maximum results, the ratios 
generally selected are as follows: 

For a constant spring rate 


h/t=0.9, and f/t=0.75 
For a flat spring rate 


h/t=1.3, and f/t=1.0 


The dots on the dash-line secant in 
Field III are mo where 4/t equals 
f/t, that is, where f equals 4. The re- 
lations designated by these dots should 
be avoided because if a disk is loaded 
sufficiently to become flat, either in an 
assembly or against a flat surface, just 
before the disk becomes flat the load 
required increases markedly beyond the 
calculated value. 

For normal constructions, ratios of 
b/t and f/t included in the shaded por- 
tion of Field III are selected. Every 
other point in the spring-rate field, 
however, can also be used but they 
will give special springs. 


DIAMETER RELATIONSHIPS. Normally, 
values are chosen for the outside and 
inside disk diameters such that the 
ratio D/d lies between 1.6 and 3.0; as 
shown in Fig. 6 a value of about 2 
gives good deflection and resiliency. 


Maximum Stress 


As long as the deflection f is less 
than twice the free height, 24, the 
maximum stress Š will be at the inside 
circumference of the disk as shown in 
Fig. 6. The value for safe stress is de- 
termined by the spring material, thick- 
ness of disk, and experience factors. 
For disks made of high quality spring 
steel about 1⁄4 in. thick, the following 
ranges of design stress are recom- 
mended: 

Up to 280,000 psi for static loading 
or intermittent loading cycles; 

Up to 180,000 psi for continuous 
cycling applications. 

Sample Calculations 
EXAMPLE 1. Calculations for a Single 
Disk. The procedure for solving this 
problem is indicated in the nomogram. 


Given: D =3 in.; D/d =2; h/t=1.6; 
=0.06 in., P =440 Ib 

Find: f and S 

(a) Determination of deflection f. 
From the intersection of D = 3 and 
z = 0.06 in Field I proceed horizon- 
tally to P — 440 in Field II, then ver- 
tically up to D/d == 2, then horizontal- 
ly to 5/1 — 1.6 in Field III, then ver- 
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tically below on the abscissa is found 
that f/t = 0.95; therefore, 


f =0.95 X0.06 =0.057 in. 


(b) Determination of tensile stress S. 
From the intersection of f/t — 0.95 
and 5/! — 1.6 in Field IV proceed 
horizontally to D/4 — 2 in Field V, 
then vertically down to f/t = 0.95, 
then horizontally into Field VI to meet 
a vertical line dropped from the inter- 
section of D — 3 and ¢ — 0.06 in 
Field I. The value of Š passing through 
the intersection of the horizontal line 
from Field V and the vertical line 
dropped from Field I is the value 
sought, or 


S — 195,000 psi 


EXAMPLE 2. Calculations for a single 
disk with a flat spring rate to be used 
in a continuous load cycling applica- 
tion. 

Given: D == 5 in.: d == 
== 2.5; S$ = 180,000 psi 
Find: P,,, for f,,,; t; and A. 

For the desired flat spring rate select 
the ratios: 


2 in.; D/d 


h/t=1.3; and f/i=1.0 


(a) Determination of thickness ¢. From 
the intersection of h/t = 1.3 and f/t 
= 1.0 in Field III proceed down ver- 
tically to 5/t — 1.3 in Field IV, then 
horizontally to D/d = 2.5 then down 
vertically to f/# == 1.0 in Field V, then 
horizontally to $ — 180,000 in Field 
VI, then vertically upward to D — 
5 in. in Field I, where it is found that 


¢=0.1 in. 


(b) h=tX1.3=0.1X1.3 =0.13 in. 
(c) fmas =tX1.0=0.1X1.0=0.1 in. 


(d) Determination of maximum load 
P mas. From the intersection of b/t = 
1.3 and f/t = 1.0 in Field III proceed 
horizontally to the left to D/d = 2.5 
in Field II, then vertically up to inter- 
sect with a horizontal line drawn 
through the intersection of D — 5 and 
t = 0.1 in Field I, and read 


P mos = 855 Ib 


EXAMPLE 3. Find the number of disks, 
having the same dimensions as the disk 
in Example 2, that when arranged in 
series will deflect 0.3 in. while an initial 
load P, of 600 lb is increased to a 
maximum load P,,, of 855 pounds. 
(a) Determine the deflection of one 
disk caused by increasing the load 
from P, to P,,,,. From the intersection 
of D = 5 and ¢ — 0.1 in Field I pro- 
ceed horizontally to P, — 600 then 
vertically down to D/d = 2.5 in Field 
II, then horizontally to 5/7 — 1.3 in 
Field III, then vertically down and on 
the abscissa read f/t — 0.47. 


For P,,, it is known that the 
ratio Ü /t = 1.0 

The deflection f of one disk during 
the time that the load is increasing, 
therefore, is 


f fe —fi= (1.0X0.1) —(0.47X0.1) 
=0.053 in. 


(b) Number » of disks in series re- 

quired to obtain a total deflection in 

the assembly of 0.3 in. during the 
interval of increasing load is 
n 2 0.3/0.053 — 5.66 

With 6 disks arranged in series, the 

total increment of deflection during the 


time the load increases from P, to P 
is 


mas 


f =6X0.053 =0.318 in 


EXAMPLE 4. Calculations for a number 
of disks combined in series and paral- 
lel arrangement. 

Given: 10 disks each having the same 
dimensions as the disk in Example 2. 
These disks are to be assembled in a 
stack of 5 groups arranged in series, 
in which each group consists of 2 disks 
arranged in parallel. 

Find: The load capacity of the stack for 
the condition that each spring is de- 
flected to its maximum; also, find the 
overall deflection of the stack when so 
loaded. 

For a single disk, P,,,, was found 
to be 855 lb. Therefore, neglecting 
friction, the load capacity of two disks 
arranged in parallel is twice 855 or 
1710 Ib, which value is also the load 
capacity of the stack. 


Length / of the stack under no ap- 
plied load is 


l=5 (h+2t) =5(0.13+-0.2) 
= 1.65 in. 


Length /, of the stack under an ap- 
plied load of 1710 Ib is 


l, =5(h —fmex +2t) =5 (0.138 —0.1+0.2) 


=5 <0.23 =1.15 in. 
Overall deflection of stack under an 
applied load of 1710 lb is 


1.65 —1.15 —0.5 in. 


It is obvious from these sample cal- 
culations that use of the nomogram 
avoids the tedious calculations in- 
volved in disk spring design by for- 
mula. 


ACKNOWLEDGMENT. The charts in 
Figs. 1 to 9 inclusive, here presented to 
supplement the nomogram, are repro- 
duced from the paper entitled "The 
Uniform-Section Disk Spring" by J. O. 
Almen and A. Laszlo, as published in 
Transactions of the American Society 
of Mechanical Engineers, 58, 1936, 
p 305 to 314. 
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Nomogram for 
Calculating Dimensions of 
Belleville Disk Springs 


€ This nomogram, prepared by Engineer Herbert Steuer and Dr. 
W. von Buelzingslowen, is based on the well known Almen and Laszlo 
formulas, which have been in use by American designers for many years. 
Similar nomograms in metric units, published by the authors, are widely 
used in Germany and Sweden. 

€ The nomogram relieves the designer from the tedious calculations 
involved in computing by formula the height, thickness, outside diameter, 
and inside diameter required to support an applied load and obtain a 
suitable deflection range. 

9 |n the preliminary design of mechanical assemblies, initially coned 
disk springs afford the designer with many choices. By assigning values 
to dimensionless ratios, the free height of the spring, the 

deflection, and the spring rate, all can be varied in the design stage 

to obtain the characteristics required. A number of springs can be 
assembled either in parallel or in series arrangements, or in 
combinations of these arrangements, to obtain needed load capacity 


and range of deflection. 
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P=spring load, pounds 
Sz maximum stress, 
pounds per square inch 


De=outer diameter of disk, inches 
d=inner diameter of disk, inches 


t «thickness , inches 
hzfree height , inches FIELD VI 


f «axial deflection, inches 
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a load-deflection curve for 
a Belleville disk spring hav- 
ing a variable spring rate. 
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Fig. 4 — Load-deflection curve of a disk spring having a wide zero-rate range. 
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isolator No.2---7 


Msolator No./ 


Fig. 1—(A) Plan view of a unit mounted 


on three isolators. —(B) Example of a piece 
of equipment on three isolators. Solution 
(see text) shows how three identical mounts 
can be selected for this installation. 
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IN SELECTING ISOLATORS, regardless of 
the number of mounting points, it is 
necessary to know the weight and cen- 
ter-of-gravity location of the unit ac- 
curately to provide the desired shock 
and vibration protection. Incorrect 
loading that results from excessive ec- 
centricity of the center-of-gravity can 
be just as detrimental as if the incor- 
rect loading were caused by excessive 
or insufficient stiffness of the isolators. 

Best performance of the isolators in 
reducing shock and vibration is ob- 
tained if the equipment can be de- 
signed so that the center-of-gravity 
falls midway between the isolators, 
thus allowing the use of identical iso- 
lators, with all isolators loaded uni- 
formly. This is often possible in the 
early design of equipment. However, 
if it is not possible, the eccentricity of 
center-ot-gravity must be taken into 


account so that the isolators will func- 
tion as intended. 

The ideal suspension is one in 
which the isolator stiffnesses combine 
to provide a level mounting and to 
decouple the vibration in one plane 
from that in any other plane. How- 
ever, since many standard mounts 
have large ranges over which they 
provide .adequate performance, iden- 
tical isolators can be used if the eccen- 
tricity of the center-of-gravity of the 
unit with respect to the mounting 
pattern is within the limits that will 
load each of the isolators within 
load range. 

The most common mounting sys- 
tem is one in which the equipment is 
mounted on four isolators distributed 
in a rectangular pattern in a horizontal 
plane. For the purpose of this analysis, 
it does not matter whether or not this 
plane is at the height of the center- 
of-gravity, although other factors may 
make it desirable to locate the plane 


its 
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of the isolators at the center-of- gravity 
height in some applications. Other 
mounting systems commonly used are 
the three-point suspension and the six- 
point suspension. 


Three-Point Mounting 


A plan view of a unit mounted on 
three isolators is shown in Fig. 1(A). 
The weight supported by each isolator 
is independent of the stiffnesses of the 
isolators and is determined by the 
summation of moments about axes, 
l-1, 2-2 and 3-3, respectively. Where 
W is the weight of the unit, 


Load on Isolator No.1 

= P, = (a;/b;) W 
P = (a/b) W 

P, = (a3/b3) W; 


(1) 
Similarly, 
and 


The same load range can be used for 
each of the three isolators if the values 
of P;, Po, and Ps are within the load 
range for which the units are designed. 

For example, Fig. 1(B) shows a 
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unit weighing 13.5 lb, supported on 
three isolators the “b”. dimensions of 
which are 20; 25; and 25 in., respec- 
tively. With all attachments made to 
cables and connectors, the “a” dimen- 
sions are 5.2; 8.75; and 9.75 in. The 
loads supported by the three isolators 
are 

P (5.2/20) K 13.5 = 3.5 lb 

P (8.75/25) X 13.5 = 4.7 lb 

P, = (9.75/25) X 13.5 = 5.3 Ib 
Three isolators the load ranges of 
which ate each 3.5 to 5.3 lb can be 
used for this application. This repre- 
sents a load range ratio of 1.5 to 1 
approximately. 


Four-Point Mounting 


FouR IDENTICAL ISOLATORS. A typ- 
ical four point suspension using iden- 
tical isolators is shown in Fig. 2(A). 
The load supported on each isolator 
depends not only on the weight and 
location of the center-of-gravity of the 
unit but also upon the stiffnesses of 
the four isolators. If the stiffnesses of 
all four isolators are identical, the load 
supported by each of the four isolators 
can be calculated. (Ref. 1). The equa- 
tions for the loads supported on the 
four isolators are as follows: 


— —— m 
ë 


Ri ht side isolator No.27 


Sh, 
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The relationships expressed by Eqs 
(2) are plotted in Fig. 2(B). Again, 
if P4, P», P4, and P, are all within the 
load range of the isolator considered, 
then four identical isolators can be 
used. 

For example, if a 33 lb unit, the 
center-of-gravity of which is 60 per- 
cent of the distance from the left-hand 
isolators to the right-hand 
and 63 percent of the distance from 
the rear isolators to the front isolators, 
is mounted on four isolators of equal 
stiffness, the load on each will be de- 
termined by locating the point a4 /^, 
equals 0.63 and 49/5» equals 0.60 on 
Fig. 2(B). Reading values from the 
four coordinates, 


isolators 


P, = 0.27 
P, = 0.37 
P, = 0.13 
P, = 0.23 


&.9 Ib 
12.2 lb 
4.3 lb 
7.6 lb 


x 33 
x 33 = 
x 33 = 
X 33 = 
Thus, to use four isolators of equal 
stiffness the load range, over which 
each isolator will operate satisfactorily 
must be 4.3 to 12.2 lb (or a 3 to | 
load range) 

A plan view of a unit supported on 
four isolators is shown in Fig. 3(A). 
The center of gravity of this unit is 
displaced from the center of the 
mounting pattern by the distance x, 


in the rear-to-front direction and py 
the distance xs in the left-to-right di- 
rection. The eccentricity e is defined as 


( (z,/b,) + (z>+/b,) 

In designs of this type, it is often 
desirable to know quickly whether or 
not four identical isolators can be 
used in mounting a specific unit, and 
if so, what the load range of the isola- 
tors should be. The curves shown in 
Fig. 3(B) can be used to supply an- 
swers to these questions. 

Using the data of the previous ex- 
ample, in which the unit is mounted 
on four identical isolators, the pro- 
cedure in using Fig. 3(B) is as 
follows: 

(0.63 — 0.50) b, 
(0.60 — 0.50) b, 


zi/b, 0.13; and zs/b, 0.10 


therefore, the eccentricitv is 


( 0.13 0.10 0.23 


The point A, which corresponds 
with an eccentricity of 0.23, on the 
curve of Fig. 3(B) determines the 
miaimum load range needed to use 
four identical isolators. Reading di- 


rectly from the graph, the ratio 
W/4P rar = 0.685 


Puss = W 
= 33/2.74 


(4 X 0.685) 
12.2 Ib 


and the load range ratio should be at 
least 2.8 to 1. This ratio gives a mini- 
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Left side 


— P 


Fig. 3—(A) Plan view of unit with 
eccentric center of gravity supported by 
four isolators. —(B) Allowable eccen- 
tricity of center-of-gravity of unit sup- 
ported on four identical isolators. 


mum rated load of 4.35 lb. These 
values agree with those previously ob- 
tained. 


ISOLATOR STIFFNESS SELECTED FOR 
BEST PERFORMANCE. In applications 
where the eccentricity of a unit of a 
given weight is beyond the limits of 
four mounts of equal load range, it is 
necessary to use isolators of different 
load ranges at several mounting points. 
For this analysis, it is assumed that the 
principal axes of inertia of the equip- 
ment are parallel with the sides of 
the rectangular mounting pattern. 
Referring to Fig. 2(A), the three 
equations of static equilibrium are: 


Pi P4 Po P 
Pi + Ps = W (a;/b;) 
Pa + P, = W (as/be) 


To solve Eqs (3A) for the loads 
on the four isolators, a fourth condi- 
tion must be introduced to provide 
optimum vibration control. To obtain 
this result, as many modes of vibra- 
tion as possible must be decoupled. 
This is accomplished by selecting iso- 
lator stiffnesses so that the principal 
axes of stiffness coincide with, or di- 
rectly below and parallel to, the prin- 
cipal axes of inertia of the mounted 
unit. If they coincide, all modes of 
vibration will be decoupled. 

Again referring to Fig. 
where 


2(A), 


K vertical stiffness of isolator 


AR. 
bo 


o 
9 


+ 


° g 


e 
o 


Eccentricity 


the condition that makes axes 1’-1’ 
and 2'-2' the principal axes of stiffness 
IS: 

K.as(b 


Kalba — a 


K;a.a K (b (3B) 


It is further desirable that the deflec- 
tion d of all isolators be equal. Since 


PeKàd , 


Eqs (3A) and (3B) combine as 
follows: 


— 
— 

p Uo A 
— 


Using the data of the previous ex- 
ample, a 33 lb unit with an eccentric 
center of gravity, the loading on the 
four isolators would be 


8.3 Ib 
12.5 lb 
4.9 Ib 


7.3 lb 


(0.63) (1 0.6) (33) 
(0.63) (0.6) (33) 

(1 — 0.63) (1 0.6) (33) 
(1 — 0.63) (0.6) (33) 


For optimum performance with maxi- 
mum allowance for changes in weight 
and center of gravity, it 1s best to use 
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isolators that will be loaded near the 
middle of their load ranges. 


Six-Point Mounting 


EVENLY SPACED. A plan view of a unit 
supported on six evenly spaced iso- 
lators, three on a side, is shown in 
Fig. 4(A). It is desirable, if possible 
to utilize six identical isolators. As- 
summing that the stiffnesses of all six 
are equal, the loads supported on them 
are determined from the three equa- 
tions of static equilibrium and the 
three equations that indicate that the 
tops of the isolators lie in a common 
plane. 


These associated equations for such 
a six-point mounting are: 
P, 1 P. L P, L P. L P; L P. 
P, + P, + 1⁄2P, + 1⁄P, 
P, + P, + P. 


where d is the static deflection of the 
isolator 


Since the stiffnesses of all isolators are 
identical, 
Ps Kd, 


and the last three equations can be 
written as: 
P, — 2P, - P 0 
P. 2P, + P| | = 0 iB 
Pri IP 


Solving Eqs (4A)and (4B) gives the 
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following values for the loads sup- 
ported on the six isolators: 


l la, ] as 
PE undo 29 W 
12 2 b, 3 be 


l la, la 
p. - (- tit) W 
t Sh 86 


] a2 
E W 
3 b; 
n IG )" 
b 
l ai la; 
-_—- -- ) W 
2 2b, 3 b. 
2 b, T3 


Eqs (4A) are shown graphically in 
Fig. 4( B). If the unit of the previous 
example were mounted on six iden- 
tical, evenly-spaced isolators, the cen- 
ter of gravity would fall at point "A" 
in Fig. 4(B). The loads would then 
be: 


P, 
P, 
P. 
P, 
P 


z 6.6 Ib 
3 = 8.8 lb 
4.4 lb 

3.6 Ib 
2.2 lb 
4.4 lb 


oo 
to h> t> 


uH NN H 


= — = = 
aom 
T 


" 


P. 


Thus, the load range of the isolators 
must be 2.2 to 8.8 lb or 4 to 1 ratio. 

In all applications using six evenly 
spaced isolators in which the required 
load range for six identical isolators 


does not fall within the rated load 
range of a desired isolator, isolators 
with different load ranges must be 
used at each mounting point so that 
each of them will be loaded within 
its own range. In addition to the 
three equations of static equilibrium, 
the deflections of all isolators should 
be equal, and it is assumed that the 
stiffnesses of the individual isolators 
will be varied uniformly from front to 
back, that is 
K, — K, = K,; — K, 
K: — K, K, — Ks 
This relation leads to the following: 
P. + P2+ Pot Pet Ps+ Po =W 
P, + P2 + (P3/2) + (P,/2)= 
W (a;/bi) 
P+: + P, + y 
W (a tn 
P, * P, ssh — 
P, — P, = P. _ P, 
The sixth equation is determined by 
the coincidence of the principal axes 
of stiffness with the principal axes of 
inertia, thus decoupling the various 
modes of vibration, or 


"EU ro) ee 
Ap o ph c 2 
Bs XG 2 * B 


»". 


(4D) 


E 
(4E) 


Combining Eqs 4(D) and 4(E) and 
realizing that 


P, P, P, 

Ky Ke K; 
the expressions for loads on the six 
isolators are: 


as a, l 
Mn Ss. 
b. b, 6 
ae fa l 
C» 
bs Nb, 6 
1 ay (4F) 
-(1- )"v 
3 b. 
1 ae 
© 
3 bo 
ae 5 Gi 
(-20-2* 
be 6 b, 
a; /5 a, 
C» 
b. 6 b, 


Referring again to the 33 lb unit but 
supporting it on six evenly spaced iso- 
lators the stiffnesses of which are se- 
lected for optimum performance, the 
loads to be supported are: 

P, — (1 i2 .6) (0.63 — 0.167) (33) 

P, = (0.6) (0.63 — 0.167) (33) = 9.2 lb 
P, = [(1 — 0.6) (33)]/3 = 4.4 1b 

P, — (0.6) (33)/3 = 6.6 lb 

P; = (1 - AD (0.833 — 0.63) (33) 


= 2.7 


P, = 0.06 (0.833 — 0.63) (73) — 4.0 Ib 


GEESE Se AE AES loc ART Lc CONI WI a RIEN LAT ONG CRI 98.) Co e SCZUCABIMKONUAT ORO QECSNDSNC ANNA URNT TAI SPT LR eS 
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!solotor No. 4 


/ 
/solotor No.5 


Fig. 5—(A) Plan view of a six-point mounting 
with optimum spacing. —(B) Optimum loca- 
tion of middle pair of isolators and load on each 


{solotor No. 2 
4 


Ysolotor No./ 


~> fsoletor No.3 


pair of isolators in a six-point mounting system. 


OPTIMUM LOCATION. Sometimes it is 
possible to locate the middle set of iso- 
lators for optimum distribution of 
load. In such designs, it is desirable 
to locate the middle set of isolators 
such that all six units are loaded 
evenly as possible. Fig 5(A) shows a 
machine in which the dimension 54 
can be selected for optimum loading. 
The most uniform loading that can be 
accomplished is 

P, + P. = P, + P, = P; + P. W/3 
The loads supported by the six isola- 
tors and the distance bs can be deter- 
mined by the equations of static equi- 


librium. Taking moments about axis 
1-1: 


b; b, = 3 (a,/b,) (5A) 


This applies only when Ó; is in the 
range 0 to 5,, that is when the middle 
isolators Nos. 3 and 4 lie between the 
front and rear isolators Nos. 1, 2, and 
5, 6. The location a4 of the center of 
gravity for which this applies is in the 
range 54/3 to 25,/3. If a is less than 
b,/3, optimum loading occurs when 
bs equals O. Since the stiffness of iso- 
lators Nos. 5 and 4 equals that of Nos. 
5 and 6, these isolators will be evenly 


loaded. That is, 


P + P, = P; T P, 
2 [1 — (a,/b,)] W/2 (5B) 
P, + P, = (a,/b,) W 


When a, is greater than 5, /3, 
mum loading occurs when 5; 


opti- 
equals 


a a EA Ie SEES GERONTOL OER RAEN te s s 


71. By symmetry, 


Pi + P: , + Pi 
n /bi) ( QV 2) 
and Ps + P, [1 (a, 


t 


(5C) 
b)] W 
Fig. 5(B) presents graphically these 
conditions, which determine the opti- 
mum location of the middle pair of 
isolators and load on each pair of 
isolators. 

For all cases in which the center-of- 
gravity falls within the middle one- 
third, the loads supported on all the 
right-hand isolators are equal and the 
load supported on all the left-hand iso- 
lators are equal, or 

P, = P. = P, = 
(W /3) (a. 
P. = P, = P, 
(W /3) [1 (a,+/bs)] 
Thus, if the 33 ]b unit were mounted 
on six isolators the pe location 
» — by Fig. 5(B) to be 0.89 
. From Eq (5D) 
Pi P; s = (33/3) (1 
4.4 lb 
P = P, = Pa (33 
6.6 lb 


'3) (0.6) = 


The load range required for such an 
application would be only 115 to 1 
as compared to 4 to 1 required when 
the isolators were evenly spaced. 

When the center of gravity lies in 
the extreme regions (44 less than 5; /3 
or greater than 25,/3), the analysis 
for the four point mounting as out- 
lined above should be used, dividing 
the load at each point by the number 
of isolators at that point. 
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How to Select Vibration Isolators 


THREE-POINT MOUNTING. 1. Find 
loads using Eq (1). 2. If all loads lie 
within the range of one particular 
isolator, use three identical isolators 
having that load range. 3. If all loads 
do not lie within the range of one 
isolator, use different load ranges at 
each corner so that each isolator is 
loaded close to the middle of its load 
range. 

FOUR-POINT MOUNTING. 1. From 
load range data, determine whether 
four identical isolators can be used; if 
so, select the best load range. 2. If the 
eccentricity is greater than the allow- 
able for four identical isolators, deter- 
mine the load supported on each iso- 
lator from Eqs (3C). 3. Select isolator 
load ranges such that each isolator is 
loaded close to the middle of its load 
range. 

Srx-POINT EVENLY SPACED. 1. Deter- 
mine if six identical isolators can be 
used by determining the loads from 
Fig. 4( B). 2. If all six loads do not fall 
within the range of one of the desired 
isolators, select isolators on the basis 
of Eqs (4F) such that each is loaded 
close to the middle of its load range 
Six-PoiNT OPTIMUM SPACING. | 
From Fig. 5(B) and Eq (5D), find 
desired spacing and load on each iso- 
lator. 


REFERENCES 


and Shock Isolation 
John Willey & Sons, 


I "Vibration 
by Charles E. 
page 199. 


Crede, 
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Stress -strain curve 


` f vs "E, curve, 
where E+ fongent modulus 


Graphical Determination of Stresses 


Defining Unstable Conditions 


MARSHALL HOLT and C. W. deCEAULT 


Aluminum Company of America 


Many problems involving stability use equations similar 
to the following 


KE G) (1) 


wherc 


the stress defining unstable condition 
onstant 

elastic modulus for elastic action 

the subscript t is added 

function derived from theoretical considerations of the 

geometry involved 


For inelastic action 


By a transformation of Eq (1): 


K(G 
E 

The right hand side of this equation is a function of 
geometry alone; the left hand side is a function of the 
properties of the material Thus, by selecting a series of 
arbitrary values for the right hand side and having a graph 
of f vs f/E, the critical stress f or the stress defining an 
unstable condition can be found. 

If the elastic modulus is used for elastic stresses and the 
tangent modulus is used for the plastic stresses, a graphical 
construction of f vs f/E can be made directly from a Car- 
tesian plot of the stress-strain diagram for the material used. 


F36 


Up to the proportional limit, p, the derived curve of 
Í vs f/E is identical with the stress-strain curve. At an 
arbitrary point, above the proportional limit, q, the value 
of f,/E, and can be obtained by similarity of 
triangles 


is desired 


But by definition, 
E, thus z 
b E, 

Transferring the slope at 4 so that it passes through the 
origin and intersecting this slope with a horizontal line 
drawn from 4, a series of points on the f vs. f/E, curve 
can be determined. The units on the vertical and horizontal 
scales of the derived f vs f/E, curve are identical to those 
of the original stress-strain curve. 

The advantages of this method of determining the tan 
gent modulus and stress relation from a given stress-strain 
curve are two-fold: 


(a) Saves calculating time; 
(b) Reduces chances for error in calculating, recording, 
and replotting of data as required by usual methods. 
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Design Charts for Rectangular 


Wire Helical Springs 


VICTOR TATARINOV 


Pilsen, Czechoslovakia 


Selecting the size of spring wire on the basis of maxi- 
mum working load P», initial steady load P,, working 
deflection f, outside diameter D, and height L, in the pre- 
loaded position represents many difficulties. 

The fundamental stress and deflection formulas are: 

TP (2atb* T) /|(D bje] (1) 
and P, P, (4Gytb*f)/{an(D — b)*] (2) 

Eqs (1) and (2) can be used when P is less than ¢ 
With b greater than /, the equations should be modified 
to establish the minimum value of cross section moment 
Then, 

eT 28 ib?T 

rP: or, in certain cases rP2 = - (3) 

D b (D—b)@ 

and P — Pi = (4Gybt*f)/[xn(D — b)?] (4) 
To simplify the solution of Eqs (3) and (4), graphs can 
be constructed to estimate ratio D/b and b/ż on the basis 
of D, P,, P», f and L, given. The chart in Fig 3 is con- 
structed for values of A and B, which represent the stress 
and deflection equations modified as follows: 


D'T (D/b) (D/t) (D/b 1) ó 


of inertia. 


If b «t, A 
TP. 2a 

but if b 51, A (D/t)*(D/b 1)/2a 

or A = (D/b) (D/t) (D/t 


For b 


1209/28 


«t, the deflection equation would then be: 


P, P, 1.05f (m 0.5 
—— Q ) 
D: 


= (1,463 x 10%)/[D/!t) : O I — 1):] 
With b>t, B = (1,463 X 10*5)/[D/t)* ? (D/b — 1)?] 
This chart consists of two sets of ii lines designating 
ratio D/b corresponding to values of A and B that are 
represented by right-hand and left-hand vertical scales, 
respectively. To determine D/b and 4/t, find the points 
where the horizontal lines, traced from scales B and A, 
intersect corresponding sloping lines. Projecting these 
points to the bottom scale will give a suitable value of 5/7. 
For accurate results, it should be noted that the rectangu- 
lar spring wire after coiling is trapezoidal in section with 
the larger dimension ¿> on the inside, so that 
Io 0.48 X ż X (2D b)/ (D b). 
where ¢ is the original mean width. 
The smaller side of the trapezoid is expressed by: 
4 — 2t to. 
When calculating deflections in springs of rectangular 
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Table I—Notation 


= initial steady load on the spring, lb 
maximum working load on the spring, lb 
factor of safety selected from Table II 
= breaking load exerted on the spring, lb 
= ultimate qw» of spring material in torsion, 
psi (see Fig. 1) 
= outside diameter of spring coils, in 
modulus of elasticity in torsion 
dimension of wire along the spring axis, in. 
= dimension of wire perpendicular to the spring 
axis, in. 
stress correction factor equal to: 
C—125 0.615 


— + —— where C = — 

c—2 C- 
deflection of "e from the position of its pre- 
loading (under load P;) to its maximum working 
compression (under load P+), in. 
coefficients of polar moments of inertia given by 
Fig. 2 for different ratios b/t. 

L, = length or height of the preloaded spring, in. 
n = number of active coils 
m = number of inactive, end coils. 

Thus, with n less than 5, m = 1.5; with n from 5 to 10, 
m = 2, with n equal to or greater than 10, m = 2.5. Number 
of active coils is given by: 

T — 1.05f — (m — 0. 5) 
J 


t 


o, B and y 


Table II—Safety Factor Values 


Types of Duty 


Special light design for shock absorbers . . . .. 
Shock absorbers, railway car springs etc 


Springs for safety valves and other purposes, where reli- 
ability, permanency and accuracy are required ........ 3.0 


Springs for metal- and wood-working machinery required 
to operate under steady loads, without shocks . ........ 8.5 


Spri for metal- and wood-working machinery * 
pits MOIR ara Tk. T 


— 
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or square material it will be necessary to consider defor- 
mation of the original cross section and to introduce rea- 
sonable alterations of the solid height due to an increased 
dimension on the inner side. To design an economical 
spring it will be necessary to use bars of trapezoidal cross- 
section, the larger side tg being on the outside. Then, 
= 2t — 2.0%[(D — b)/(2D — b)] 

EXAMPLE 1. A compression spring suitable for a shock 
absorber is to be designed using 0.55 carbon steel. Values 
specified are: Steady initial load Py = 2,500 lb, maximum 
working load P, — 12,500 lb; 7 — 255. 

Outside diameter, D = 10 in. f — 5 in, and L, — 32 
inches. Assuming the smallest dimension of the rectangular 
bar ¢ = 1 in, from the curve in Fig. 1, T — 157,000 psi. 

D*T 10 > 157,000 


A = -——— = 500 
P, 2.5 X 12,500 


— 2C. ^u — (m — 


es 000 32 — 5.25 — — à 
: N(= -) - 497 
- 100 


Selecting D/b = 3.5, lines 1 and II are drawn from 
A — 500 and B — 497 to the sloping lines corresponding 
to this value of D/b. Projecting these points of intersection 
to the bottom scale gives 5/7 — 2.5. Then 

= D/3.5 = 2.86 in.; t = 1.144 and m - 2.5 (Table I) 
n = (82 — 1.05 X 5 — 2 X 1.145)/1.145 = 21.5 
Original dimensions of spring material are: 


esto 


D—b 
t = 20 — 2.001( —— = 1.30 in.; 4, — 21 — t, — 0.99 in. 


2D — | 
Free length of the spring 


2,500 X 5 
22 4- (—— = 33.25 in. 
10,000 


t or b in inches 


Weight of spring = 0.283z(5) (£) (D — 5b) (m + n) 
= 496 pounds. A compression spring coiled of round 
bar designed on basis of above values specified will have 
4 = 1383 in, m = 15, Ly = 37.25 in. against 32 in. 
specified. Weight of spring = 322 pounds. 


EXAMPLE 2. Determine maximum force acting on 6 in. 
spring made of 1 in. square carbon steel bar. In the chart 
find the points of intersection of the vertical line traced 
from the point of the bottom scale designating b/t = 1 
with sloping lines marked by D/b = 6 (See Line III) 
These points indicate A = 560 and B = 440, Lines IV 
and V. Then 
36 » 159,000 


rP, = — = - = 10,200 pounds. 
560 


t = 3, Pa = 3,400 pounds. 
Selecting P, = 0.15 X P, = 
flection f = 4 in., the 
written: 


P — P, IA 


pr^ f 
440 X 36 X 4 
4.2 -- 24 
3.400 — 510 


510 Ib and working de- 
following equation can be 


1.05 f — (m — 0.5)t 


= 440. 


28.2 inches. 


Considering a trapezoidal cross-section, 
2D — b 

0.481 X 
D—b 
1.06 22 X 1.06 


the larger side t, = 1.06 inches. 


Finally L, = 4.2 + 2 X = 29.62 inches 
1 1 


n = 22. Weight of spring = 107 pounds. 


A similar spring can be coiled of 1.03 in. round bar 
having » — 18. and L, = 42 + 1203 (18.5 + 2.5 
— 0.5) = 25.3 inches. Weight of spring = 75.5 pounds. 











Stress foctors, x, 8 ond T 











16 18 20 22 24 26 28 
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Iemperature Regulators 


- e —— — a — — — — —— — — — —— —— — —— —— — —— — — — —— 


L. C. BLAUVELT Adjusting screw 


Hoffman LaRoche 


Insulation -—. 


| 
Spenser Thermostat Co 


Bimetallie device is simple, compact and pre- Typical inclosed disk-type, snap-action control has fixed 
1 s cise. Contacts mounted on low-expansion struts 2. operating temperature. Suitable for unit and space heat- 
determine slow make-and-break action. Shell con- ers, small hot water heaters, clothes dryers and other appli- 
tracts or expands with temperature changes, open- cations requiring non-adjustable temperature control. Useful 
ing or closing the electrical circuit that controls a where dirt, dust, oil or corrosive atmosphere is involved. 
heating or cooling unit. Adjustable and resistant to Available with various temperature differentials and with 
shock and virbration. Range: —100 to 1,500 F. manual reset. Depending on model, temperature setting 
Accuracy: Operates on less than 0.5 deg tempera- range is from —10 to 550 F and minimum differential may 


ture change. be 10, 20, 30, 40 or 50 deg F. 


fing range adjusting screw 


Expansion hÜ 
e/ement—--4 


Throttling range 
scale——-—— 


Looding .-“¥ 
spring C. 


v> " 
Leg Fess 


Stem... Change-over link 


rai 
El 7 | 
LI sss 3 


Bulb casing 


Bellows assembly 


1 ° 
Valve body The Leslie Co Bulb -———— a s wd 
M inneapolis-Honeywel! Regulator CQ. 


Self-contained regulator is actuated by Remote bulb, non-indicating regulator uses a bellows assem- 
5. expansion or contraction of liquid or gas a bly to operate a flapper. This allows air pressure in the con- 
in temperature sensitive bulb that is im- trol system to build up or bleed depending upon the position of 
mersed in medium being controlled. Signal the change-over link. Unit can be direct or reverse acting. Control 
is transmitted from bulb to sealed expansion knob adjusts the setting and the throttling range adjustment deter- 
element that opens or closes the ball-valve. mines the percentage of the control range in which full output 
Range: 20 to 270 F. Accuracy: +1 deg. Max. pressure (3-15 psi) is obtained. Range: 0-700 F. Accuracy: About 
press. 100 psi for dead end service, 200 +0.5 percent of full scale range depending upon installation 
psi continuous flow. factors and associated variables. 


x 
| 
x 
| 
| 
x 
x 
x 


_ 
=... ............................................v........................................v.....v.....v........ 
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Temperature regulators are either of the on-off or throttling type. The characteristics 
of the process determine which should be used. Within each group, selection of 
a device is governed by the accuracy required, space limitations, simplicity and cost. 


— M — — — — —— —— — oe — — —— —— — —  ——) — — — e ———  —À — im — e —— e —— —  — c —— — —ñ— — — — 


Microswitch 


Bimetallic unit has rod with a low coeffi- 
3. cient of expansion and a shell with a high 
coefficient. Microswitch gives a snap action to 
the electrical control circuit. Current can be 
large enough to operate a solenoid valve or 
relay directly. Set point is adjusted by knob 
that moves the pivot point of the lever. Range: 
—20 to 1,750 F. Accuracy: 0.25 to 0.50 degrees. 


Bimetallic actuated, air piloted control. Expansion of rod 
4. causes air signal (3-15 psi) to be transmitted to a heating 
or cooling pneumatic valve. Position of the pneumatic valve 
depends upon the amount of air bled through the pilot valve of 
the control. This produces a throttling type of temperature 
control as contrasted to the on-off characteristic that is obtained 
with the three units described previously. Range: 32 to 600 F. 
Accuracy: + 1 to +3 F depending upon the range. 


Control point adjustment Nozzle and Control point adjustment 
flapper ass, 
Á pp y Proportional 


Proportional adjusting knob 
I 


adjusting 
knob 
¿qui g expansion 


\ 
Adjusting sleeve | | 

— — f ement 

| F° ype e en 
J 


| 


Lever type pilot 





Main valve ~ ! | 
— 
— ⸗ — 


— — 


gir supply 
Condensate 


reservoir” ~~ Contro! va vq 


Process o] 
-— / m 
| nee LÁ Stea Toyior inst Co 


due Leslie Co. 


~Diaphragm 


Two recording and controlling instruments with adjustable propor- 
a tional ranges. In both, air supply is divided by a relay valve. A 
small portion of the flow goes through nozzle and {.apper assembly. The 
main flow goes to the control valve. Unit B has an extra bellows for 
automatic resetting. It is designed for systems with continuously chang- 
ing control points and can be used where both heating and cooling are 
required for one process. Both A and B are easily changed from direct 
to reverse acting. Accuracy: One percent of range of —40 to 800 F. 


Lever-type pilot valve is actuated 

a by temperature sensitive bulb. Mo- 8 
tion of lever causes water or steam be- 
ing controlled to exert pressure on a 
diaphragm that opens or closes the 
main valve. Range: 20 to 270 F. Ac- 
euracy: +1 to 4 degrees. Pressure: 5- 
125 psi, steam; 5-175 psi, water. 
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Special Purpose Mechanisms 
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Fig. 1—Spherical linkage, produces an oscillating 
rotational output from a constant speed input for 


an input angular displacement. 
where /—output angular displacement 
p—tan a 


a—constant angle between roller shaft b 


and input axis c 
tan ¥=p sin $ 


For mechanism to function properly, axes of 
semicircular link d, of roller a, and of input shaft 


c must intersect at point M. 





Fig. 3—"''Multilated tooth" intermittent drive. 
Driver b is a circular disk of width w with a cut- 
out d on its circumference and carries a pin c 
close to the cutout. The driven gear, a of width 
2w has standard spur gear teeth, always an even 
number, which are alternately of full and of 
half width (mutilated). During the dwell period 
two full width teeth are in contact with the cir- 
cumference of the driving disk, thus locking it; 
the multilated tooth between them is behind 
the driver. At the end of the dwell period pin c 
comes in contact with the mutilated tooth and 
turns the driven gear for one circular pitch. 
Then, the full width tooth engages the cutout 
d and the driven gear moves one more pitch, 
whereupon the dwell period starts again and 
the cycle is repeated. Used only for light loads 
primarily because of high accelerations en- 
countered, 


— — — — — ww www ww ww ww www ow — —— —— — 


SIGMUND RAPPAPORT 


Ford Instrument Company 
Div. of The Sperry Corporation ) 


Driven Driver 





Fig. 2—Intermittent drive with cylindrical lock. 
Shortly before and after engagement of two teeth 
with driving pin d at the end of the dwell period, the 
inner cylinder f is not adequate to effect positive 
locking of the driven gear. A concentric auxiliary 
cylinder e is therefore provided with which only two 
segments are necesary to get positive locking. Their 
length is determined by the circular pitch of the 
driven gear. 


F 2 e Fig.3 Driver 
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Data based on material and sketches in AWF and VDMA Getriebeblaetter, published by 


Ausschuss fuer Getriebe beim Ausschuss fuer wirtschaftiche Fertigung, Leipzig, Germany. 
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Fig. 4—Mechanism for transmitting 
intermittent motion between two 
skewed shafts. The shafts need not be 
at right angles to one another. Angular 
displacement of the output shaft per 
revolution of input shaft equals the 
circular pitch of the output gear wheel 
divided by its pitch radius. The dura- 
tion of the motion period depends on 
the length of the angular join a of the 
locking disks b. This drive was used ex- 
tensively on motion picture projectors. 
Two other drives, used to move the film 
intermittently in projectors, are shown 


in Figs. 5 and 6. 


p---Locking disks 


“ 
- 
— 
p i 
Poth of G ud C gm — abis : 
Fig. 5—The task of describing a *D" curve, as accomplished 


by a mechanism of Fig. 6, can also be achieved by this four- 
bar linkage. Hint for designing: Start with a straight line 
portion of the path of C, replace the oval arc of € by an arc of 
the osculating circle, thus determining the length of link DC. 


Fig. 6—This mechanism is intended to accomplish the follow- 
ing: (1) Film hook, while moving the film strip, must describe 
very nearly a straight line; (2) Engagement and disengage- 
ment of the hook with the perforation of the film must take 
place in a direction approximately normal to the film; (3) En- 
gagement and disengagement should be shock free. Slight 
changes in the shape of the guiding slot f enable the designer 
to vary the shape of the output curve as well as the velocity 
diagram appreciably. 
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1. Selecting Bolt Materials 


Desirable Properties 

(a) Low notch sensitivity 

(b) Medium damping capacity 
(c) Coarse grain structure 

(d) High endurance limit 

(e) High tensile strength 


Acceptable Materials 

(a) Low carbon steels 

(b) Nickel steels 

(c) Cr-Ni and Cr-Ni-Mo steels 

(d) Nitrided steels 

(e) 17ST and 24ST aluminum alloy 


3. Surface Finish 


(a) Heat treating usually decreases fatigue 
strength. Reductions up to 40 percent have 


been recorded. 


(b) Decarburizing reduces the endurance 


limit of a surface. 


(c) Case hardening and nitriding improve 
fatigue life. 


(d) Nickel and chrome plating to prevent 
corrosion reduces the endurance strength un- 
less the plating is deposited in a stress-free 


state. 


(e) Electrodeposited zinc increases the en- 
durance limit but hot dipped zinc reduces it. 


(f) Anodizing aluminum causes a reduction 
in endurance properties. 


(g) Cold worked (rolled), highly finished 
surfaces seem best as far as fatigue life is con- 
cerned. 
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Improving Fatigue Resistance 


Available data on the design of bolts and bolted joints can be divided into the following categories: 
(1) Choice of materials; (2) Physical shape and relative proportions; (3) Surface finish and heat 


_— a t —  —À — — —  À— —  À — 


2. Shape and Proportions 


General Tips 


(a) Rolled threads are up to 30 percent stronger than 
cut threads. Rolling threads after heat treating increases 
the useful life of parts. 


(b) A more uniform thread pressure is obtained when 
the nut material is more yielding—has a lower modulus of 
elasticity—than the bolt. 


(c) Fibers such as hemp packed between threads in 
areas of low load transfer reduce stress concentrations by 
distributing loads more uniformly. 


(d) Tight connections maintained by self-locking nuts 
minimize impact effects. 
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á. Assembly of Bolted Joints 


Points of stress concentration and typical values for a 
bolted joint are shown in (a). When the external load 
varies periodically and thus introduces high fatigue stresses, 
the designer can reduce or even eliminate this effect by 
specifying a proper degree of initial tightening, see (5). 
For more detailed information see references on following 
page. In  non-torque-wrench assemblies the 
initial tensile stress is of the order of 1.68 K/ (D 
for coarse threads, and 1.47 K/ (D —0.062) 
threads, where D is the nominal bolt dia and K is a 


average 
0.075) 


for fine 


parameter equal to 15,000-16,000. When gaskets or spring 
washers are used, they must be stiff or they will decrease 
rather than increase the fatigue life of the joint. With 
gaskets, the total force on the bolt, F, can be expressed as 


K bott 
Fi T 


- F ssternel 

K bolt T K gasket 

where K's are the stiffness constants of the bolt and gasket. 
As shown in (c), the bolt is not affected by a varying 

load in a stiff-gasket joint if the initial tension is of suf- 

ficient (but safe) magnitude. With soft gaskets, (d), the 

total force varies directly with the external load. 
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Georgia Institute of Technology 


of Bolted Joints . P. VIDOSIC 


treatment (4) Assembly of bolted joints for favorable stress distribution. The best practices with 
respect to each of these phases are summarized, with particular emphasis on improving fatigue life. 
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Slightly less 
than root 
diameter 


Run-out angle Threod relief Conical bore Collar relieves Unengoged 
(15 deg mox ) proportions odds resilience stress and permits length should 
should be for bolts and fatigue prestressing of be ot leost 
under bending i stud Undercut shonk 
doubles impact strength 


Lip faper - - 
Drilled shank-» 
Groove gives 
Shank reduced Grooved shoulder Nut with topered better distribution 
Also improves impact resistance. to root relieves stress lip reduces peak of loads 
Not as effective as undercut shank diameter concentration stress 30 percent and stresses 


< 
n FO F — — — — —— er — — — 


Percent load Form stress factor 
transferred by Thread 


SS D; nut threads 
) SSS Z 
Tam Stress concentrations 


occur at points shown. Table Whitworth 
— RWS NON: `Á Points of stress contains indicative concentration 
VN 


concentration factors oat each point 


No initial tension 


With initial Tension 


F external 
F externo! 


o 


F totol F totol 
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Bearing Load Analysis 


Using Polar Diagrams 


Method for determining maximum permissible side loading and minimum 
sheave or pulley diameters on overhung shafts in gear driven transmissions. 


WHEN APPLYING belt and chain drives 
to power transmitting devices, exces- 
sive side loads frequently are a source 
of trouble. Improper selection of 
sheaves and arrangement of connec- 
tions result in poor bearing life and 
early shaft breakage. A thorough analy- 
sis of bearing loads and shaft stresses 
is necessary if these are to be avoided. 

The use of polar diagrams provides 
a unique method of determining the 
maximum permissible side loading and 
the minimum size sheaves on an over- 
hung shaft where gear loading is pres- 
ent. This type of analysis gives a graph- 
ical representation of limiting side 


*Formerly, Design 
Clutch Company. 


Engineer, Twin Disc 


T=/6001b-ia 


Bearing A ^ 


RICHARD J. DERKS* 


Assistant Professor of Mechanical Engineering 


University of Notre Dame 


loads with relation to their correspond- 
ing directions of pull. In its essence it 
becomes a permanent data sheet for an 
individually designed unit to which 
future reference is readily available. 
Referring to Fig. 1, it is required to 
determine the directional side load 
limitatons at the specfied location of 
output sheave. The maximum torque 
transmitted by the pinion is 1,600 
lb-in. The tangential and separating 
forces at the point of tooth contact are 
1,970 Ib, and 718 lb respectively. 
These combine vectorially as shown to 
give a resultant force R of 2,100 Ib 
which can be replaced by a parallel 
force R’ of equal magnitude at the 
shaft centerline and a moment of 1,970 
X 4 — 7,880 lb-in. in a plane normal 


Pinion... P.0.*/1625 
Geor........P. 0.78.00 


sheave 


to the shaft centerline. As shown in 
Fig. 2, the resultant loads at bearings 
A and B are 1,575 lb and 525 lb, re- 
spectively. Next, each bearing load 
condition must be treated separately. 

The key to the solution is to replace 
R’ with fictitious forces in the plane 
of the output sheave of such magni- 
tudes that the bearing loads are un- 
changed. Fig. 3(A) and 3(B) illus- 
trate the procedure and the necessary 
forces with their directions of appli- 
cation. These fictitious forces, if 
plotted to some convenient scale on 
polar coordinate paper with the lead- 
ing edge of the vector at the origin 
will represent the bearing loads re- 
sulting from gear action. 

If the side load is applied in the 
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same direction as fictitious force R’,, 

it will be limited by the allowable bear- 

ing capacity of Brg A at the given R,=/575 Ib. Rg* 525 Ib 
shaft speed. Assuming that the maxi- { i 
mum permissible radial load on this * 


— >< 
bearing is 2,100 Ib, the resultant radial 
force, R',, acting in the plane of the E 
output sheave must not exceed 2,400 / pea tem 


lb, since from Fig. 3(A), (1575 + R'=2/00 Ib. 
525)4 — (1800 + 600)3.5. Of this 
2,400 Ib, the fictitious force of 1,800 
lb must be considered a definite com- 
ponent. The actual applied load would 
then be limited to 600 lb, in the di- 
rection of R’,. If applied in the oppo- 
site direction, the limiting side load 
becomes 4,200 lb since it acts to nullify 
rather than to complement the fictitious 
force in producing bearing load. It is 
now apparent that a circle of 2,400 lb 
equivalent radius, R’4z, would result 
in a polar diagram of permissible side 
loading for design life of Brg A. The 
validity of this operation is under- 
stood by noting that the equivalent 
radius is always the resultant of ficti- 
tious force R’, and the rotating vector 
which represents applied side load. 

This same procedure is repeated for 
Brg B which is assumed to have a 
design life compatible with 3,750 Ib 
max. rated load. When super-imposed 
on one another, these diagrams give 
a confined realm of loading (&-/-m-n) 
shown in Fig. 4. Using the chosen 
scale, it is now possible to conveniently 
measure load limitations in any direc- 
tion. When dividing the torque trans- 
mitted at the sheave (7,880 lb-in.) 
by any maximum indicated side load, 
the corresponding minimum sheave di- 
ameter is obtained. 

Now that the side load limitations, 
as based on desired bearing life, have 
been established, the imposed shaft 
stresses are analyzed. Consider the 
stress to be critical under Brg B, and, 
for safe loading limit, the maximum 
equivalent bending moment to be 
7,200 in.-lb. The equation for com- 
bined bending and torsion is 


M =M +y VEF TP 
By substitution of known quantities, 
7,200 = 1⁄,M + 14 \/M? +7,8802 
The maximum allowable bending 
moment is then 5,000 in.-lb. At the 
specified distance of overhang, the side 
load Q, caused by chain or belt pull 
is therefore limited by shaft strength 
to 1,430 Ib in any direction. This | 


limitation is shown on the polar dia- 
gram by a circle with center at the 


am i I Fig.4 Polar Diagram for Side Load Limitation 
origin and radius equivalent to 1,430 f 
lb. It is evident from this diagram that ™ [s 
9 


RA? /575 Ib 





Brg B is no longer a limiting factor 150 160 18 190 
since it completely encloses the now 
smaller region of safe loading. 
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Developments to Watch 


THE HEAVY PRESS PROGRAM 
(See Developments to Watch, Section 
D) is one of the most important fac- 
tors for designers concerned with alu- 
minum structures and other light- 
weight constructions. 

The impact of this program is be- 
ing felt in many fields. Designers and 
manufacturers of extrusion and forg- 
ing machinery are directly concerned. 
But perhaps of greater significance is 
the impact of this program on the de- 
sign projects especially in the aircraft 
industry. There are many questions 
that have been created by this pro- 
gram and the answers to which have 
not been established and perhaps will 
not be found in the immediate future. 

There are many relationships still to 
be established concerning hot pressings 
and forgings. There is a question of 
the minimum thicknesses of webs that 
can be produced economically. And 
then there is the question of how 
much can be expected of these heavy 
presses. And of course there are many 
problems concerning metal distribu- 
tion in the designed part that have the 
designers guessing. 


MULTIPLE METAL CASTINGS 

.. The ultimate in the design of a 
machine element is to have every por- 
tion of that element possess the prop- 
erties required and those properties to 
be of the maximum obtainable value. 
Thus a machine element that is to be 
subjected to high temperatures should 
be of a material that is outstanding in 
its resistance temperatures. 
And if the surface of the element is 


to high 


to be subjected to corrosive mediums 
or conditions, the these 
points should be of a material that is 
of greatest resistance to those corrosive 
media and impermeable to their pas- 
sage through the coating. There is 
nothing new in this philosophy. it has 
been practiced for many decades. Elec- 
trolytic coatings of nickel have been 
used for appearance and finish. Chrome 
plating is used extensively for wear re- 
sistance. Chilled car wheels have been 
used for many decades because of the 
extreme hardness of 
faces produced. 


surfaces at 


the treated sur- 


Now however, this philosophy is 
being expanded considerably. For some 
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years foundries have been working on 
the development of multiple metal 
castings. The advent of the gas turbine 
and jet propulsion greatly stimulated 
the research in that direction. 

There has been some success in the 
production of castings in which the 
core of the castings was of an ex- 
tremely strong tough material that was 
not particularly heat resistant. The sec- 
tion of the casting toward the outer 
periphery would be a material that 
would be little affected by extremely 
high temperatures in the range of 
1200 F. Such has been the develop- 
ment in the direction of gas turbine 
rotors. 

There are innumerable constructions 
in which certain sections of the ma- 
chine element possess unusual proper- 
ties. It appears that the foundry in- 
dustry is going to give far greater at- 
tention to the development of bimetal 
and multiple metal castings. 

Castings versus weldments has been 
the subject of many pointless argu- 
ments and discussions. Each type of 
construction has its place although 
there is a narrow field in which either 
might be used. Today however, foun- 
dries are facing this problem in a more 
realistic manner. Some foundries have 
developed a very fine technique for the 
production of casting-weldments in 
which the finished piece is made up 
of a number of castings welded to- 
gether. And where the conditions and 
economics call for it, the weldment 
might consist of both castings and 
rolled structural members. 

Casting weldments offer many pos- 
sibilities. By making the casting in 
pieces and then welding the pieces to- 
gether it makes possible great savings 
in pattern costs, cost savings in the 
foundry through simplified foundry 
operations and finally it also makes 
possible the selection of different ma- 
terials for different parts of the casting 
weldment. Wherever large and rela- 
tively complicated castings are re- 
quired, this new welding technique is 
worthy of consideration and study. 


DESIGN ANALYSIS FACILI- 
TATED ... New tools to accelerate 
stress computations and to make anal- 
yses work less of a drudgery are prov- 


ing a major boon in aircraft design- 
ing. Technical methods that once were 
completely unusable because of the 
vast quantity of calculations they re- 
quired are now not only practical but 
routine, as a result of new mechanical 
and electrical computers. With increas- 
ing computing capacities, these devices 
have speeded up design work and 
opened new technical spheres. 

Multiple increases in the number of 
computations per unit cost not only 
have facilitated thoroughness in struc- 
tural work but have also permitted 
personnel of greatest experience to 
concentrate on engineering problems. 

New computing machines capable 
of far more service than any now in 
use are being developed. They will 
bring about the solution of problems 
still untried. 

With electric analog machines, en- 
gineers have already simulated, either 
mathematically or physically, impor- 
tant static and dynamic structural 
problems. These techniques are mak- 
ing important strides toward elimi- 
nating cut-and-dry methods of design. 
They are making possible unique and 
optimum structural solutions. Before 
long, it appears, it may be possible to 
design quickly a complete structure 
that is just the strength and stiffness 
sufficient for its intended service. 


LARGE DIMENSION TOLER- 
ANCE STANDARDIZATION ... 
Much thought has been given in many 
countries to the subject of tolerances 
and fits for large diameters over 20 
inches. In many industries including 
turbine, railroad equipment, and air- 
craft engine manufacture, many parts 
having diameters greater than six feet 
are manufactured to interchangeable or 
at least matched or partially inter- 
changeable fits. 

A tolerance system extending up to 
six feet, therefore, would be very help- 
ful. There are so many unknown fac- 
tors, however, that it has not been pos- 
sible to evolve a sound theoretical and 
practical basis on which to determine 
the system. 

The principal difficulties at present 
are in devising a technique for meas- 
urement, since measurement and gag- 
ing of large dimensions are difficult. 
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At present the program is hampered 
by a great lack of knowledge of the 
accuracy of measurement that is being 
achieved in the machine shops pro- 
ducing such parts. The ISA committee 
TC3 Limits and Fits has sponsored a 
project that should do much to com- 
pile this information. 

Since it is often easier to find out 
what is wrong with a given standard 
than to suggest the basis for a new 
one, the BSI committee has drawn up 
a proposal for national and interna- 
tional consideration. 


GEAR TOOTH HARDNESS 
Gears of all types, especially spur and 
bevel, have been the subject of more 
study than probably any other ma- 
chine element. Hardness of gear tooth 
surfaces has often been stressed with 
reference to all types of spur and bevel 
gears. And the latest development is 
that a gear tooth hardness in excess 
of 400 to 450 Brinell is not an asset 
but a detriment. It appears that when 
hardness is greatly in excess of that 
figure the tooth surfaces do not stand 
up as well. 

Surface grinding of a soft material 
cannot be done economically. There- 
fore design engineers specify surface 
hardening before grinding. A case 
hardening only a few hundredths of 
an inch thick is usually all that is re- 
quired. 

One of the significant changes 
which has taken place is in the mate- 
rials for gears. Nylon for that appli- 
cation has become extremely popular. 
It has many advantages including 
sound operation and highly unusual 
lubricating properties. 


ULTRASONIC TESTING OF 
FORGINGS AND CASTINGS... 
The detection of defects in forgings 
and castings has in the past depended 
on such methods as magnetic particle 
inspection, X-ray, pressure test, various 
types of liquid penetrants, and visual 
inspection. Each of these methods has 
certain unfavorable elements, such as 
excessive cost; or the method may be 
too time consuming or lacking in sen- 
sitivity of detection. 

One of the latest and most interest- 
ing methods for locating internal de- 
fects in forgings and castings is ultra- 
sonic testing. The equipment used in 
the test produces electrical impulses. 
These are converted into high fre- 
quency sound waves by a quartz crystal 


which is placed against the surface of 
the metallic part to be inspected. The 
sound waves, which are reflected back 
to the quartz crystal by the opposite 
surface (back reflection) and/or by 
any defects (if present), are converted 
back to electrical impulses. These im- 
pulses are shown as marks on a cath- 
ode-ray oscillograph as a sound pattern. 
Since the sound pattern markers in- 
dicate distance, the position of a defect 
can be located in the part being tested. 
To improve the transfer of the sound 
waves from the quartz crystal to the 
part, it is mecessary to cover the sur- 
face of the part with oil. There are 
many variables in this method of test- 
ing, and each must be understood by 
the instrument operator. Interpretation 
of results is largely dependent upon 
previous experience and repetition of 
tests on the same parts. The method 
can be applied to most types of metal. 
When the procedure is mastered by 
the operator, it is a quick and sensi- 
tive method of locating internal de- 
forgings, bars, sheet and, 
with the exception of cast iron, some 
castings having suitable sections. 


fects in 


TEMPERATURE INDICATING 
PAINTS . . . Thermocolor tempera- 
ture indicating pigments and crayons 
are being used for the observation of 
temperature and study of heat paths 
in structural, mechanical, and electrical 
components of various types of equip- 
ment and machinery. 

Temperature observations made on 
solid bodies by the usual methods are 
generally complicated, and in addition, 
give data only on local points of the 
surfaces which are thermally strained. 
The difficulties of observation are in- 
creased in those instances where meas- 
urements of temperatures are to be 
made on large or complicated surfaces, 
or on moving parts 

Even if temperatures are tested at 
many different points, it is not always 
possible to form a definite picture of 
the distribution of the temperature 
since instruments might accidentally 
have been omitted in overheated or in 
underheated areas. 

Temperatures sensitive colors ap- 
plied to the surface of a part deter- 
mine, in a visual manner, the degree 
and distribution of temperatures on 
the surface of heat strained objects of 
any form, kind, and material. These 
testing colors indicate temperature 
conditions on the heated surface by 
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distinct changes in color in one or 
more isothermal stripes, and register 
them even after cooling. 

These colors cover the range of 
temperature betwen 104 and 2,250 F 
and research is underway to widen the 
range to 2,732 F. Some of the pig- 
ments make a single color change at 
designated temperatures. In addition, 
there are other pigments capable of 
two, three or four color changes at 
different temperatures for the testing 
of appliances for which a complicated 
heat distribution picture is to be ex- 
pected. 

The nature of the heated surface is 
immaterial The limit of accuracy is 
plus or minus 9 deg F for a heat re- 
action taking approximately thirty 
minutes. This degree of accuracy meets 
the requirements of most industrial 
tests where exact measurements are 
of great importance, but where 


temperature distribution patterns 


not 
the 
are 
of paramount importance like those of 
internal combustion engines 


EVER HIGHER SPEEDS... In 
engineering design there is no such 
thing as a goal. Each goal merely 
serves as another mile post in the end- 
less march towards the ultimate, what- 
ever that might be. Formerly aircraft 
engineers talked of Mach numbers of 
a little bit more than 1, Mach 1 being 
the velocity of sound. Today aeronau- 
tical engineers are talking about Mach 
numbers of more than 20. Indeed, that 
is the Mach number at which tests can 
be conducted in the new wind tunnel 
developed by Cornell Aeronautical 
Laboratory for the Air Force, Arnold 
Engineering Center. 

In actual operation, this wind tunnel 
is going to be used to test air foils, 
wings, controls and all other aircraft 
elements at Mach numbers as high as 
13. However, this new hypersonic im- 
pulse wind tunnel is capable of testing 
aircraft components at Mach numbers 
as high as 20. At these tremendous 
speeds the temperatures created by 
friction and shock waves may touch 
7,000 F. Under these conditions the 
air flow becomes luminous. However, 
the air flows are not continuous. The 
duration of a 10,000 mile per hour 
test is only approximately 1/1,000th 
of a second. The power to drive the 
air through the tunnel at such terrific 
speeds comes from the explosion of 
a mixture of helium, oxygen and 
hydrogen in controlled proportions. 
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For higher operating efficiency and lower long-run costs 


(Choose. N ROLLWAY BEARING 


PRECISION BRONZE RETAINER TRU-ROL STEEL RETAINER 


RADIAL ROLLER BEARINGS 


Performance is stepped up, costs 
kept down due to the inbuilt 
trueness of Rollway's right angle 
design. This basic principle bal- 
ances the internal forces within 
each bearing; promotes true rota- 
tion of the rollers around the shaft. 


ROLLER BEARINGS 


This economical bearing with 

ingenious steel retainer in- 
sures constant roller align- 
ment and longer-than-usual 
life. Prevents skew and slide, 
consequent power losses and 
early-failure hazards. 


These Rollway steel-cage 
bearings help you save 3 


TYPE A 
Hardened 


f/f, Sr p 


RIGHT ANGLE SEPA- RIGHT ANGLE BEAR- RIGHT ANGLE ROLLER 
RATOR SLOTS accurately ING SURFACES with ENDS, precisely square to 
machined to prevent roller parallelism that results in avoid end-rub, oscillation 
skew, slide and uneven unwavering right-line and side-shock. 
wear, rolling. 


ways—on initial costs, in- 
stallation costs, and main- 
tenance costs. Priced well 
within competitive range, 


) 


PRECISION BRONZE 

RETAINER THRUST 

ROLLER BEARINGS 
Heat treated to insure 
uniform hardness and 
surface structure, both 
the solid-cylindrical 
rollers and the thrust 


they are engineered for long 
durability. Frequently they 
outlast the machine in which 
they are installed. 

TYPE A & AUN—Roller assembly with 
split sleeve. 

TYPE D — Roller assembly with solid 


inner and outer race. Also roller os- 
sembly with outer race only. 


On both of above types, roller assem- 


TYPE AUN 
Unhardened 


blies may be furnished separately. 


plates of Rollway 
Thrust Bearings are 
held to extremely close 
limits of parallelism. 
The result is a true 
line contact that re- 
duces unit pressures 
with increased maxi- 
mum capacity. 

Accurate parallelism between 
the rollers and the matched 
thrust plates is repeated in 
the parallelism between the 
separator slots and the roilers 


themselves—all adding up to 
quietness, equalized wear and 


SALES OFFICES 


Syracuse Cleveland 
Boston Milwaukee 
Chicago Seattle 
Detroit Houston 


longer life. 
Toronto Philadelphia 


Pittsburgh Los Angeles 


San Francisco Complete Line of Radial and Thrust Cylindrical Roller Bearings 
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IN PROCES 


AND COOLING with SLATECOILS 


REPLACE PIPE COILS 


50% | 


in tank space 


ve 


in heating or cooling time 
in maintenance labor 
in unit weight 


in initial cost 


| 


in tank space 


Platecoils take only half as much tank 
space as pipe coils thereby increasing the 
working capacity of a machine or tank. 
A Platecoil only 22" x 47" in size gives 
the same heat transfer as 32 feet of 1%” 
pipe which requires a space approxi- 
mately 30” x 60”. 


in heating or cooling time 


The unique construction of Platecoil 
makes its entire surface effective heat 
transfer area. As a result, a more com- 
pact Platecoil unit provides much greater 
BTU transfer per unit area than can be 
obtained with pipe coil. It will heat or 
cool a tank 50% faster to make working 
hours more productive. 


Be 
o 
A 
Q 
z 
a 
^*^ 
BS 
o 
A 
9 
» 
" 
^ 


For complete details, send for Bulletin P92 


PLATECOIL 


REPLACE PIPE CONS 
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in maintenance labor 


Platecoils are not only much easier to 
clean than pipe coils but deposits form 
less readily on their streamline surfaces. 
They can be removed and replaced with- 
out dumping the tank solution and often 
without loss of production time. 


in unit weight 


Weighing only about half as much as 
equivalent pipe coils, Platecoils are easy 
to handle. They can be transported and 
installed without the overhead hoists and 
complicated fixtures needed for pipe coils. 


an initial cost 


The initial cost of Platecoil is often 50% 
or more below the cost of equivalent pipe 
coil depending, of course, on the mate- 
rials used in construction. Additional 
savings in installation time and labor re- 
duce the co :t of the complete installation 
to a fraction of the cost for pipe coils. 





s 



























Improved! 


forms a lasting 


Ends corrosion problem. The gaskets 
formerly used in this carburetor con- 
tained glue-glycerine saturants which 
absorbed moisture and encouraged 
electrolytic action between the dis- 
similar metal parts. But Accopac con- 
tains no hygroscopic agents. When it 
was used, corrosion complaints were 


reduced to zero. 


No leaching out. Oil in this air com- 
pressor leached out the binder in 
conventional fiber gaskets, allowing 
oil to leak. Substituting Accopac 
stopped these leaks because Accopac 
won't dry out or shrink in any recom- 


mended application, 





Fine low-pressure seal. When 
stamped cover was fastened to the 
cylinder head of this diesel engine, 
ordinary fiber gaskets wouldn't seal 
properly. Bolting pressure was too 
low and flanges too narrow. But Ac- 
copac supplied the compressibility 
needed for a tight seal, didn't slip, 
and did the job for less cost. 


ARMSTRONG’S 
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iber gasket 


seal against light stampings or heavy flanges 


Accopac is an entirely new and basically differ- 
ent type of fiber sheet material which is now 
being used in many applications where other 
plant fiber gaskets have failed. Controlled pro- 
portions of fiber, cork, and rubber give it unusual 
compressibility and high crush resistance. Its 
synthetic rubber saturant is stable, so Accopac® 
wont dry out or crack—assuring long, trouble- 
free service. Yet the cost of Accopac is low 
enough to meet the needs of mass production 
industries. 

Accopac has proved superior to conventional 
fiber sheets—and has often replaced more ex- 
pensive materials—in many applications. It’s 


being used today in engines, pumps, compres- 


ACCOPAC GIVES YOU ALL 


COMPRESSIBILITY 
Finely ground cork particles added to Ac- 
copac’s fiber and latex rubber composition 
give it an unusually high degree of compres- 
sibility. Accopac gaskets work well on light 
stamped flanges—and equally well on rough, 


heavy joints. 


CRUSH RESISTANCE 
Accopac takes punishing pressures without 
harmful results. Conventional top-grade fiber 
material crushes under a test load of 25,000 


psi, but Accopac is not crushed by loads of 
100,000 psi. 


sors, aircraft and automotive equipment, and in 
an increasing variety of similar applications. 

Accopacs outstanding performance results 
from its unique composition. In a special, pat- 
ented modification of the beater saturation proc- 
ess, individual fibers are coated with latex and 
blended with cork particles. The result is a uni- 
formly strong sheet with a higher fiber-binder 
ratio than has ever before been possible. 

You'll find more information about Accopac in 
“Armstrong's Gasket Materials” described below. 
For specific information on what Accopac can 
do for you, send details of your sealing problem 
to Armstrong Cork Company, Industrial Divi- 
sion, 5400 Irvin Street, Lancaster, Pennsylvania. 


THESE ADVANTAGES: 
LONG LIFE 


Accopac will not dry out or crack in storage 
or in service. Its binder is non-extractable and 
non-volatile. Therefore, Accopac is relatively) 
unaffected by the normal solvent action of the 
contained fluids that it seals. 


LOW COST 
Accopac has proved a more efficient seal than 
conventional fiber materials in scores of ap- 
plications—and has even replaced more ex- 
pensive materials. Often, it costs less to use 
than the material it replaces, but its real 


economy is in long, dependable service. 


HERE ARE THE ANSWERS TO YOUR QUESTIONS ABOUT GASKETS 


You'll find much helpful information in 24 PAGES, 


HELPFUL SECTIONS 


this fact-packed gasket manual. 
Here are facts about 


Sealing Characteristics ¢ Solvent Resist 
ance * Compressibility. 


Here is information on 


Sealing with Confined Resilient Gaskets 
e Designing Gaskets to Reduce Costs ° 
Effect of Gasket Width on Compression 
e Relation of Gasket Thickness to Load 
e Design Problems Peculiar to Rubber 
Gaskets ¢ Practical Tolerances for Gas- 
ket Materials. 


GASKET MATERIALS 
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on the “whys” and “wheres” of gasket, 
flange, and joint design with data on gas 
kets and gasket materials. An invaluable 
help in designing new joints or meeting 
SAE-ASTM or government specs. See it 
in Sweet’s product design file or writ 
for your personal copy. Address Arm 
strong Cork Company, Industrial Divi 


sion, 5400 Irvin Street, Lancaster, Pa. 


WRITE FOR YOUR COPY TODAY 


INDUSTRIAL DIVISION 
LANCASTER, PENNA. 








RDM is dedicated to the research, development 
and/or manufacture of custom-made, high 
precision components for electrical, mechanical 


and electronic devices. 


Component reliability is the sole aim... the result, 
FOR DESIGN ENGINEERS, a perfect reproduction of the design. Made-to- 
RDM PRECISION COMPONENTS OFFER order parts meet your most exacting tolerances 
UNLIMITED OPPORTUNITIES FOR SAVING and diverse requirements. 
SPACE, WEIGHT AND FRICTION 
WITHOUT THE SACRIFICE OF FUNCTION. 
FOR PRODUCTION ENGINEERS, RDM Production schedules assured. 
ELIMINATES COSTLY BOTTLENECKS, A brochure is yours for the asking. WRITE 


pMERICAN Na 
^ 
e 


` 
, RDM 
fa ™ = oò 


` 
Swiss Z3 


RESEARCH DEVELOPMENT MANUFACTURE, INC. 


431 E. COLLOM STREET, PHILADELPHIA 44, PENNSYLVANIA 


PINIONS ° GEAPS œ SHAFTS * PIVOTS ° BEARINGS d SPECIAL SCREWS 
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Departures in the 
Turbo Stapler 


New short cut to staple fiber spinning! The new Turbo 
Stapler reduces tow to sliver in one machine . . . brings 
about substantial savings in processing operations. 


Mounted on New Departure ball bearings, shafts of this 
machine are held in smooth-running, rigid alignment, 
assuring uniformity of product. 

Most of the 56 New Departure ball bearings in the 
Turbo Stapler are single or double seals. Keeping lubri- 
cant in... fibrous foreign matter out .. . New Departure 
sealed bearings offer the kind of oil- and grease-free 
conditions demanded by textile manufacturers. And, 
they reduce maintenance to the minimum, too! 


For complete information—talk to your New Departure 
textile bearing engineer, today! 
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NEW DEPARTURE 


BALL BEARINGS 





Ball or Roller 
Bearing Flange Units 


D i ted . P Va e 


Let's take a close look 
Rod Ends — na Ie i id oe a 
Male or Female 2 at i your linkage problems M. 


Wherever motion is to be transmitted at varying 
angles, the Heim Unibal Spherical Bearing easily handles 
any operating misalignment and actually improves design 
as well as operation. 

The Unibal principle is the universal movement of a 
single ball revolving in a bronze bearing socket. The ball 
is bored and honed to standard diameters to accept the 
shaft or stud. 

Made in a wide range of sizes, Heim Unibal Bearings 
are stocked from coast to coast, and are invariably more 
economical than specially made parts. 

Our new, complete catalog is now ready. Please write. 


THE H E Ë A COMPANY 


FAIRFIELD, CONNECTICUT 


Pillow Blocks — 
Ball or Roller Bearing 


Other Heim Products: Flanged Roller Bearings € Self-aligning Flanged Ball 
Self-aligning Bearings @ Pillow Blocks, roller bearing @ Pillow Blocks, self-aligning ball bear- 
Flanged Ball Bearing ing è Flange Units, roller bearing @ Flange Units, self-aligning ball bearing 


* 
m7 


Product Engineering — 1955 Annual Handbook 





Clifford bellows 


help you solve 
design problems 


Perhaps you, too, can benefit from flexible, leak- 
proof, metallic Clifford bellows assemblies. For in- 
dividual requirements in assembling bellows to 
fittings, Clifford is equipped to use new molecular 
bonding processes, resistance welding and heli- 
arc-welding. Write direct for complete details on 
how Clifford bellows assemblies can help you. 
Clifford Manufacturing Company, 104 Grove 
Street, Waltham 54, Massachusetts. Division of 
Standard-Thomson Corporation. Sales offices in 
New York; Detroit; Chicago; Los Angeles; 
Waltham, Mass. 


RESSURE IN TANK OROPS 
BE WwW DESIRE EVE 


2) BELLOWS NTRACTS 
LOSING SWITCH 


R-PUMP STAATS 
UILOING UP PRESSURE IN 
TANK. WHEN PRESSURE 
REACHES DESIRED LEVEL 
BELLOWS EXPANDS, OPENING 
MOTOR SWITCH 


PUMPE 
4) PRESSURE IN THE SYSTEM 


I$ INDICATED BY A SIMILARLY 
CONNECTED BELLOWS, 
WHICH ACTUATES AN 
NOICATOR 


DISCHARGE 


NTAKE 


E 


Controlling and/or indicating pressure. Clifford Hydron bellows 
assemblies provide close control and accurate indication in pressure 
systems. Pressure, exactly equal throughout the system, is immediately 
exerted on bellows which respond without lag. Common applications: 
instruments to control temperature, pressure, flow rates, liquid level. 


) AS FLEXIBLE CONNECTORS 


P 
PIPE CARRYING HEATED GAS OA 


jUPPORT St 


eec. add 


Allowing for thermal expansion in flexible piping. Clifford bellows 
compensate for dimensional changes caused by heated gas or liquid that 
would expand and buckle ordinary piping ... without imposing ex- 
cessive strain on supports. Sidewise movement of supports with respect 
to each other is also permitted, 


METAL BELLOWS 


Ww [ FFORD 
MU OTZA chaos 
.WALTHAM, MASS. . 
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EXPANDING BELLOWS 
MESI 2 PRESSURE TO OPER- 
/ ATE SWITCHES, VALVES, ETC. 


- 


Controlling wide range of temperature with one adjusting de- 
vice. Liquid filled Clifford bellows assembly permits one knob to adjust 
temperatures by remote control from 200^ to as high as 650° or 700”. 
Common applications: domestic and industrial oven controls. 


Controlling narrow range temperatures. Vapor pressure 
Clifford bellows system forms temperature control unit used in thermostatic 
devices. This device can be designed to be “fail safe" to prevent over- 
heating even if bellows fails to function. Adjustment commonly limited 
to lower range than liquid filled system. Applications: refrigerator con- 
trols, auto thermostats, tank regulators. 


3 ADJUSTING 
MC —0 
a 


(A) DIRECT MOTION B) ANGULAR MOTION 
PARTS IN VACUUM CHAMBER MOVEMENT OF FLOAT INSIDE 
ADJUSTEO OY OUTSIDE T a T agre 
scREW M. 


Transmitting motion from one medium to another while moin- 
taining a hermetic seal. The inherent flexibility of leakproof Clifford 
Hydron bellows permits extension, retraction, rotary motion or com- 
binations of these to be applied while hermetically sealing unit's internal 
elements. (A) shows direct motion, (B) shows angular motion, (C) shows 
rotary motion. 


FLEXIBLE 
$MAFT COUP 


Operating as flexible shaft coupling. 
Clifford bellows assemblies »rovide con- 
stant velocity torque and compensate for 
misalignment. 


Operating as shaft seal. Clifford bellows seal in gases and liquids 
and prevent leakage around rotating shafts. 


Operating in hydraulic transmission systems. Clifford bellows 
appreximate frictionless lever-action for transmitting force in remote 


control systems, 
F57 





M-R-C BALL BEARINGS | 


Complete Range of Types for All Requirements 


Maximum-Capacity 


Radial Type R 
Notched Type 


Radial Type R 
Maximum-Capacity 


Bakelite Cage 


"M-R-C BALL BEARING INTERCHANGEABLE TABLES” 


Ball Bearings of Various Makes in Numerical Order 
and Corresponding Sizes in M-R-C Replacements. 


This Bulletin contains a list of bearing numbers of over 14,000 
different ball bearings made by American ball bearing manufacturers. 


Sent free on request — ask for Bulletin No. 26 


Maximum- Capacity 
Single-Shielded 


Super-Conrad 


Thrust Bearing 
Type KS 


Super-Conrad 
Fiat Washer Type 


Snap-Ring Type 


Extremely-Light 


Double-Felt Seal 
Inch-Size 


Super-Precision Bearings 
Shielded Both Sides 


Wide-Inner 
Single Row 


Bearing 


j 


ae ee 
—— 
ae yes 


Double-Row 


Cartridge Type 
Mciximom-Capacity Type 


Double-Shielded (Assembled) 


MARLIN - ROCKWELL CORPORATION 


Executive Offices: JAMESTOWN, N. Y. 


Super-Conrad 


Adapter Type 
Double-Sealed 


(For Lineshafting) 


Front Wheel Bearing 


Single-Row 
Extra-Light Type KR 


Clutch Throw-out 
with Housing 


Clutch Throw-out 


Super-Conrad Snap-Ring 
Type Single-Shielded 


Fabri-Seal Type 
with Sealing Ring 
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makes 
the difference 


For many years, we at Accurate have talked about our 
skill, experience and know-how . . . but other springmakers are 
unquestionably skilled, some have even more experience and must have 
accumulated a lot of know-how. Yet, what makes it possible for Accurate to 
so often devise new and better ways to make better springs at lower cost? 


A customer gave us the answer in a single word—imagination. 


If you would like to do business with an organization that has 
imagination . . . plenty of skill, experience and know-how .. . 
will approach your problems without necessarily being too 
influenced by conventional methods . . . send an outline of 
your requirements. There's no obligation and it may well 
"á 4 eC» be your first step towards getting better springs at lower 
WYyYYYWYYYYYYYYYSA YYYYA cost. Write today. ACCURATE SPRING MFG. CO. 
QOL OO Oo S Oed 3815 W. Lake Street, Chicago 24, Illinois, 
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in : 
WAUKESHA 


INGENIOUS METHODS 
MEET "IMPOSSIBLE" 
' SPECIFICATIONS 


a 


IN.....CAMS 


ORE et GER Se 


Here's Proof 


Perfect bond between 
babbitt and backing re- 
mains unbroken in this 
babbitt-lined, steel-back- 
ed bearing flattened un- 
der terrific pressure, 


" j '" BEARINGS 
Centri-Fuse’’ BE 


Special preparation of the backing, 
by the Kolene process . . . plus the 
most advanced practices in centri- 
fugal casting, under precision con- 
trol .. . results in an actual chemical 
bond (metal-to-metal fusion) be- 
tween babbitt and backing which 
eliminates the need for anchor slots. 
Uniform crystalline structure of the 
babbitt, resulting from this method 
of centrifugal casting, assures maxi- 
mum fatigue resistance and long 
life for Waukesha Bearings of any 
design, under heavy pressure or 
shock loads. 


Specialized facilities for long or 
short production runs, rigid inspec- 
tion procedures, and the counsel of 
an engineering staff . . . devoted ex- 
clusively to the design and fabrica- 
tion of babbitt-lined bearings and 


oil seals . . . are yours to command 
at WAUKESHA. 


SEND TODAY FOR YOUR COPY OF THIS 
ASTOUNDING STEP-BY-STEP REPORT—LEARN 
HOW PARKER ENGINEERED AND PRODUCED 
A THREE DIMENSIONAL MASTER CAM THAT 
“COULDN'T BE BUILT!” 


A Waukesha Split Bearing for 
use in high speed turbines, 


Waukesha Sleeve Bearing for 
heavy duty compressors in al- 
most constant use, 


720 ewact stations — accurate to 
less than .0005” — on one square 
inch of surface make this "nerve 
center" for supersonic aircraft a 
triumph of Parker development 
and craftsmanship. 


The dramatic 8-page illustrated story 


A Waukesha bearing of com- is yours upon request. 


plex design for a widely known 
manufacturer of generators. 


"Just ONE 
Beoring or a 


LONG Production ni 


STAMP WORKS, IN( 
MARKIN DII MACHINERY 
FRANKLIN AVENUI 
HARTFORD, CONNECTICUT 
A 7743-2/3 
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GRAPHALLOY consists essentially of graphite and metal. 
The GRAPHALLOY process was patented forty vears ago 
and the name GRAPHALLOY has been the copyrighted 
trademark since that time. While GRAPHALLOY has been 
manufactured bv this Corporation for the past forty years, 
recent developments have added materially to its proper- 
ties. New grades are being developed. Babbitt, Copper, 
Bronze, Silver, and Cadmium GRAPH ALLOY are provided 
regularly, and other grades are employed in special situa- 
tions. All applications are carefully engineered to your 
design requirements, and all parts are accurately finished. 


FOR DRY APPLICATIONS 
WHERE OIL CANNOT BE USED 


1. Extremely heavy duty, low speed machinery, particu- 
larly with vibration, where oil or grease lubricants would 
squeeze out. 


2. Medium speed, medium duty bearings where lubrication 
is impossible, impracticable, or where oiling schedules are 
generally neglected; or where lint and dust would be drawn 
into oil-lubricated bushings, with consequent abrasion of 
bushing and of shaft. 


3. At low temperature where oil would solidify, at high 
temperature where oil would volatilize, or where oil would 
contaminate the product. 


SUBMERGED APPLICATIONS 


1. Pump bushings and seal rings submerged in water, sea 
water, gasoline, acids, dyes, or food products. (GRAPH- 
ALLOY is inherently stable—no swelling due to submersion. ) 


2. High speed applications under special conditions. 


Pillow Blocks with A 
GRAPHALLOY Bushings e 


can be supplied in most stand- 
ard sizes. 


Request Data Sheet 163 


Metal-backed GRAPH- 

ALLOY Bushings are 
available for applications where 
press-fitted bushings are not 
practicable. In most instances, 
a set screw or keyway must be 
used to hold the bushing in 
place. 


Hanger-mounted bearings 
available for attach- 
ment to a machine frame or 


structure. 


This type of metal-backed 
bushing is used where ting are supplied where 
there is insufficient length, as in 
spider type construction. halves. 


for your 
“TOUGH” 


bearing 
requirements 


TYPICAL GRAPHALLOY 
APPLICATIONS 


eee Ovens, Kilns, Driers, Stokers, 
Conveyors and Turbine Safety Bushings. 


AT MEDIUM TEMPERATURES Bushings for Instruments, for 


Textile, Printing, Food and Dairy Machinery, Pump Bush- 
ings,and Vanes. Inaccessible Bushings as in blowers and 
fans. Foot and Guide Bearings, Thrust Washers, Cam Rol- 
lers, Piston Rings, Friction Discs, Seal Rings, Rotary Joints, 


eS Oxygen Pumps, Potentiometers, 


Timers, Outdoor Signal Equipment and Airborne Servo- 
mechanisms. 


OTHER GRAPHALLOY PRODUCTS 
BRUSHES CONTACTS For applications requiring low elec- 


trical noise, low and constant contact 
drop, high current density and mini- 


7 S mum wear. Used for SELSYNS, 
\ DYNAMOTORS, SYNCHROS, RO- 
C) TATING STRAIN GAGE pick-ups 
and many other applications. Brush 
= A e Holders and Coin Silver Slip Rings 
m also available. 
*Trademark Reg. U.S. Pat. Off. 


K SPECIAL BUSHINGS ow 


GRAPHALLOY Bushings 
with square or rectangu- 
lar external dimensions can be 
provided for special housings. 


Request Data Sheet 217 


Bushings grooved for split- 


bushings must be installed in 


1019 NEPPERHAN AVE 
YONKERS, N. Y. 





GASKET MATERIALS FOR PROVEN PERFORMANCE 


Which gasket would you use on an oil application? 


HOT OIL TEST IN AN OPERATING ENGINE 


Type £1 Fibre, cork and Buna S beater sheet 
(Not a VELLUMOID Product) 

Type 72 Fibre, cork and Buna N beater sheet 
(Not a VELLUMOID Product) 

Type #3 Asbestos and Buna N beater sheet 


(Not a VELLUMOID Product) 


GENUINE VELLUMOID 


OPERATING 
ENGINE TEST HOT 
SAE #20 OIL 


STANDARD ASTM 
ABSORPTION TEST 
ASTM 43 OIL 
Leaked when pressure 


79.8% absorption 
reached only 60 psi. 


by weight 
58.4% absorption 
by weight 


Leaked when pressure 
reached only 105 psi. 
Leaked when pressure 


50.4% absorption 
reached only 100 psi. 


by weight 
No signs of leakage 
until pressures went 
well over 250 psi. 


Only 4% absorption 
(negligible ) 


Only the VELLUMOID gasket came through this test 
in excellent condition. All others had deteriorated badly. 


Write for samples of the new Vellumoid beater sheet — VELBUNA #WG1. 


THE VELLUMOID COMPANY ... WORCESTER 6, MASS. 





NO KING PIN 


the greatest single cause of 
caster failure is eliminated. 


EASIER SWIVELING 
rigid alignment of double 
ball race increases swiveling 
efficiency. 


SUPER STRENGTH 


projection welded assembly, 
no wear between moving parts. 
Patented leg design pre- 
vents bending and buckling. 


(SINGLE BALL RACE CA 


THE F s a 
airbank — 
33 LAFAYETTE STREET * NEW "' 4 


Stock molded 
"die *2* * DIMCO-GRAY 


NO TOOL CHARGE! 


PROMPT DELIVERY ON... 


Round Ball Knobs 
Lid Knobs 
Knurled Hand W beels 


Terminal Nuts 
Oval Ball Knobs 
Instrument Knobs 
Knurled Knobs Tapered Handles 
Push Button Knobs Agitator Caps 


Standard Army-Navy Instrument Knobs and Terminal Boards 


DWG. NOS. 46A42258. 47A40527. 46842258. 50813038, 46842249, 49814919. 


Write for Complete Catalog! 


DIMCO-GRAY COMPANY 


206 EAST SIXTH STREET d DAYTON 2, OHIO 
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05$ For PERFECT PERFORMANCE 


"WE GIVE YOU MAINTENANCE FREE MOVEMENTS" D 


0 « S BEARING < MFG. CO. © 


v 777 WEST EIGHT MILE RD. * WHITMORE LAKE, MICH. N 
TELEPHONE HICKORY 9-9011 





NEVEROIL 

Operating temperature range is from 
-75*?F.to + 175° F. Allowable con- 
stant working load 600 to 800 P.S.I. 
with impact factors to 3000 P.S.I. 
Surface velocities, except under very 
light loads, should not exceed 150 
in. per min. Excellent for oscillating 
loads. Neveroil will not brinell. This 
bearing should not as a rule be ex- 
posed to petroleum products or sol- 
vents. 





NEVEROIL 
The non-metallic, self lubricating 
bearing made from lubricant 
impregnated, highly compressed 
especially woven cotton fabric. 


PHENOILIC 

Through our engineering and the 
proper treatment of certain plastic 
bearing materials temperature 
ranges up to 500° F. and load ca- 
pacities of 800 to 1000 P.S.I. are 
possible. Impact factors obtainable 
are 5000 to 8000 P.S.I. and Max. 
surface velocity can be as high as 
150 ft. per Min. May be self lubri- 
cated, or lubricated by the liquid 
present. Inert to most agents, and 





PHENOILIC 


The engineering, design and 
»roper treatment of one of the 
nany available plastic materials 
to better solve your plastic bear- 
ing problem. 





"cold flow" is controlled through 
our fabrication process. 
FABRYLON 


The better bearing from every angle. 
For corner, radial, or axial loads; or 
the combination of all three. Load 
capacities and operating conditions 
are similar to Neveroil. However, 
impact factors are increased from 
3000 to as high as 8000 P.S.. 
through the use of Phenoilic which 
also enables this bearing to simul- 
taneously handle offset, radial, and 
axial loads 
"cold flow." 


FABRYLON 
The unbeatable combination for 
that most difficult application. 
Neveroil bearing material com- 


bined with the correct phenoilic. without brinelling or 





SINCE 1913 * MANUFACTURING 





SELECTED AS ORIGINAL EQUIPMENT SINCE 1913 - 10 





























Guide 
shackle bearings, rod ends, univer- 
sal ball joints, tie rod ends, spring 
interliners, controlled friction mem- 
bers, radius rod erds, steering col- 


bushings, lever bearings, 


umn bushings. 


- "m 
` ^ S, Q. “ eS 
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Bearings & Bushings 
Ball Joints 

Rod Ends & Seals 
Rollers 





Bearings & bushings for corner, ra- 
dial, and axial load combinations. 
Ball joints for high impact & limited 
space. 
Tie rod ends with controlled angu- 
larity. 









RESEARCH * DEVE 


One outstanding feature of the Neveroil O & S Bearings are selected to provide 
bearing is its resiliency which allows inter- silent, low-static self-lubricating oper- 
ference fits. Shaft diameters for example, ation and can be supplied as a self- 
need not be held to as close tolerances as sealing unit in some applications. 
required when metallic bearings are used. Specific designs will depend upon the 
Due to the characteristics of the Neveroil requirements of the customer. Our 

Shackles, Spring Rollers. bearing material, varying degrees of Con- job will be to meet your specifications. 
trolled Frictional Resistance within the bear- Describe your problem — we will do 
ing may be obtained, without the penalty our best to meet your requirements. 
of increased static friction. 


Steering Column Bushings, 
Shackle Bearings, Shock Absorber 
Links, Tie Rod Ends. 


— 


Radius Rod Ends, Torque Arm 
Ends, Tie Rod Ends, Drag Links, 
Control Rods, Linkages. 


We are interested in Bearings DJ Bushings [ ] Ball Joints C] 
of the Neveroil LI 


Phenoilic go Fabrylon[ ] type and would like you to contact 


Other applications 








ie *aes ` sm-—sssspa 


Via Mail [] Personally go on (date and time) 

Sending print under separate cover Yes [ ] No [7] 

Keep us on your mailing list for future information and literature Yes C] 
PARTIAL DESIGN INFORMATION 


Maximum shock load 


—— — — 


Normal working load 
Surface velocity 1 1 1 — Maximum O. D. 


Maximum|.D. Moximum length 


ea —— 


Operating condition 


Lever Bearing, Linkages, Suspen- 


sion Bearings. 
MAIL THIS CARD TODAY 


iH 


LOPMENT ¢ SELF LUBRICATING BEARINGS — BUSHINGS 





ABOUT YOUR VENDOR... 


COMPLETE ENGINEERING NCE 
DESIGN & TEST EXPERIE e 
FACILITIES SINCE 1913 


* 


O & S has complete facilities from start to finish. Research, Engineer- 
ing, Design, Tooling, Manufacturing — plus many practical testing 
operations that serve as a full — all time guarantee that when you 
use O & S — you're covered from A to Z. 


AMPLE 
MANUFACTURING SPACE 
AND 
PERSONNEL 


Typical O & S test set-up to check front wheel suspension bear- 
ings and joints. This test involves simulated travel over cobble- 
stone, the most grueling type of service, and proves that when 
you specify O & S you get the best. 


O & S Engineers and Designers are specialists in bearing problems. 
They'll design bearings for most any application, and show you 
where we can be of service. Whatever your industry or your product 
— there's a place where an O & S Bearing con do a better job. 


FROM. FIRST CLASS 
TE — PERMIT No. 1 


(SEC. 349 P.L. & R.) 


Whitmore Lake, Mich. 


COMPANY 


DDRESS 


BUSINESS REPLY CARD 


NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 


3c POSTAGE WILL BE PAID BY— 


O & S BEARING & MFG. CO. 
777 W. EIGHT MILE RD. 
WHITMORE LAKE, MICH. 


| 


i - 4 J 


1 
l 
J 
HJ 
i i x 


f a 
Continval analysis of our lubricating compound 


and efficient quality control procedures assure 
you complete satisfaction. 


Take it across the board — rubber, 
powdered metal, graphite, bronze, 
babbitt, etc. There's a place for all — 
O & S can, in many cases offer ad- 
vantages over each and every one. 


O & S gives you long, dependable 
life thru their patented lubricating 


compound and the right combination 
of materials. 


THIS CARD IS FOR 
YOUR CONVENIENCE... 
MAIL IT TODAY! 





GARLOCK 


PACKINGS + GASKETS + OIL SEALS + MECHANICAL SEALS 
MOLDED RUBBER PRODUCTS ° RUBBER EXPANSION JOINTS 


GENERAL OFFICES AND FACTORIES: PALMYRA, N. Y. 


SALES OFFICES AND WAREHOUSES 


BALTIMORE 18, 2828 Loch R Rd. CLEVELAND 13 ue m St. NEW Y 
BRUAINGHAM V 99 Fleur e. A GEYELAND, SS, IES w. a ORK 6, 114 Liberty St. SALT LAKE CITY 1, 322 Dooly Bidg 


PALMYRA, Maple Ave 

BOSTON 10, 80 Brood St. DETROIT fr S78) oet Grond Blvd. PHILADELPHIA 2, 20 S. 15t SAN FRANCISCO 7, 750 18th St 
BUFFALO 2, 38 Pearl St. HOUSTON 3, 2105 McKinney Ave. PITTSBURGH 22. 933 Penn Ave, St. — SEATTLE 4, 516 ist Ave. S. 
CHICAGO 6, 600 W. Jacksom Blvd. — LOS ANGELÉS 21, 2303 E. 8th St. — PORTLAND 4, Ore. 418 $. W. ist Ave, SPOKANE 4, West 610 Second Ave 
CINCINNATI 16, 8329 Vine Ste NEW ORLEANS 25, 3525 Lowerline St. ST. LOUIS 8, 3635 Forest Pork Bing” TULSA 20, 816 East 6th St. 


IN CANADA—The Garlock Packing Company of Canada Limited, Toronto, Ont. Canadian Factories: Hamilton, Ont. 


GARLOCK’S LINE OF PRODUCTS OIL AND GREASE SEALS FOR BEARINGS 


Garlock manufactures in its own factories in 
Palmyra, New York a complete line of quality- 
controlled Mechanical Packings and Gaskets. Garlock 
In addition, Garlock also makes the following KLOZURES* 
allied products: 


KLOZURE* Oil and Greose "Teflon"  Packings, Gaskets 
Seals for Bearings ond other products 


= padd -e Garlock KLOZURE Oil and Grease Seals are made with 
— tene — Packing Hooks a sealing member of oil-resisting synthetic rubber molded to 
Rubber Éxponsion Joints —— Gosket Cutters ond Punches exact size and shape. Available with standard finger spring, 
"Lu "uw t —— p... oe | garter spring or without spring. Garlock KLOZURES 
| provide an efficient seal yet reduce friction to a minimum. 

There is a KLOZURE model designed for every bearing 

GASKETS AND SHEET PACKING | application. These superior oi! seals are made in a complete 

| range of sizes including Metric diameters to fit standard 
International millimeter ball and roller bearing housings. 


Write for Catalog 10. 


Garlock has the facilities to hand cut, die cut, mold or 
machine all sizes and shapes of gaskets in gmy quantity. 
Some of the most popular gasketing materials, which are 
also available in sheet form, are: 

Rubber — natural or synthetic, Silicone — plain or cloth- MECHANICAL SEALS FOR ROTARY SHAFTS 


either plain, cloth inserted inserted 
or wire-inserted Cork-Fibre — glycerine treated : shafts 
Asbestos — compressed or or — rubber impreg- For use on rotating shafts 


woven Vegeteble Fibre against practically any liquid 
Leather '"Teflon"—aond "Kel-F'' ¿ à including strong acids. Gar- 
lock Mechanical Seals reduce 

€ — CE leakage of costly or hazard- 

MOLDED RUBBER PRODUCTS ous liquids on rotating shafts, 


and operate without any wear 
on shafts or shaft sleeve. 


PRODUCTS MADE OF TEFLON’ 
AND KEL-F+ 


Garlock’s complete facilities enable us to mold, extrude, 

machine or otherwise fabricate (from powder) Teflon and 

Kel-F to the same high quality standards to which Garlock 

has always rigidly adhered. We invite your inquiries on: 
A comprehensive line of rubber compounds, developed t edali ee a ee 

in the Garlock laboratories, is available for use in the pro- Teflon and Kel-F. 

duction of molded rubber goods. Many of these compounds 2. Teflon Tape—Electrico! grade—pretested for dielectric 

are also regularly made into sheet, slab, coil, gasket, ring, fest. nium SS por 900 fect of COED” tape). 

sleeves, tubing, pump valve, and discs. Facilities for the > Tales er Kel: F-— Teflon sheets os large os 48^ square. 

development, testing, and production of special molded or Kel-F sheets and discs as large as 48” diameter. 


ded ucts disposal . Packings and Gaskets made of Teflon and Kel-F— 
TA rubber prod pn ve n | kamapa for use wherever resistance to chemicals 


is required. Teflon ond Kel-F packings are available 
for use on valve stems, ge rods and shafts; Teflon 
and Kel-F gaskets fer all types of flanged joints. 


— — — — 


ROD PACKINGS FOR EVERY SERVICE 


Garlock Packings are made of asbestos, rubber, synthetic TO CONTACT GARLOCK 
rubber, flax, cotton, jute, leather, "Teflon", copper, bronze, 
cast iron, steel, aluminum or lead; and combinations of Write, wire or telephone the nearest Garlock Sales Office 
these materials—for service against water, steam, oil, air, | —see locations at top of page. We will have a Garlock 
acids and other fluids at any pressure or temperature. | Representative call on you. 


* Registered Trademark f The Du Pont Company's Trademark it The Kellogg Compony's Trademark 
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For Printing, Converting and Get thi s 


Valuable Guide to 
PUSH-PULL REMOTE 
CONTROLS i 


General industrial Service— 


40-page 
Illustrated 
—tubular, solid, Remote Control 


engraved, rubber " Catolog 
covered, —— 


chrome < Here is a valuabie 
plated, — technical guide that can 
chill and warm — give you important background 
oe information toward solving your remote control 
surface m. problems. The various basic flexible and rigid con- 
^ trol combinations, locking devices, fittings, etc., are 
shown together with information on the custom 
manufacturing of controls to your specifications. 


Write Today 


ARENS conors, Nc. 


2013 Greenleaf Street, Evanston, Illinois 


the BALL with the 
CUTAWAY. SHOWS. HOw ARMORED HEART * 


ENTIRE JOINT INTO ONE 


SOLID MASS, INSURING EX- DEEP HARDENED & TEMPERED CARBON STEEL 


TREME RIGIDITY. TUBE CON. 
STRUCTION REDUCES WEIGHT, BB... 


ADAPTABLE to many uses — 
PAMARCO offers engineered rolls for every y 


E í PRECISION MADE and held to 
—— y a tolerances of 0001 Inch — 
servi i . 

dependable source for all roll requirements. | B t — Er 
For heavy duty or light duty, all are accurately ' E FECTLY Mere m "rius i 
built, economically produced and feature ground weno UO 
finish to exact specification. Rigid quality con- DN, prevent loss and contamination in 
trol through all stages of production and thor- $ ) shipment or storage. 

ough inspection before shipment guarantees Depth of Ae Depth of 
satisfactory service from every. Pamarco roll. Case * rpm Case 
TECHNICAL ASSISTANCE — Our engineering staff ee.) Dv 

will gladly make recommendations on your partic- 

ular roll requirements without obligation. For com- 

plete engineering service, call or write. 


< Cit, 
A 


A 
4. PAMARCO ENGRAVED 
GG APPLICATOR ROLLS 
4 for applying lacquer and other 

G+ 


< 
< finishes * Only Abbott mokes the Boll with 
4, , | | the Armored Heart—the carbon 
steel bearing ball which is DEEP 
- - B | HARDENED ond TEMPERED for 
maximum life, shock resistance and 
load-carrying ability. 


Precision Rolls for Textiles, Paper, 
Plastics, Printing and General In- 
dustry Engraved Applicator and 
Plate Rolls for Flexographic Presses 


i THE ABBOTT BALL COMPANY 
PAPER MACHINERY & RESEARCH » INC 55 Railroad Place, Hartford Conn. 


14 OAK STREET © ROSELLE. NEW ERSEY 


L 
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FLEXIBLE CONNECTOR 


Here's 


SPRING OPERATED 
PACKLESS VALVE 


ELECTRICAL CONTROLS 


how 


FLEXON 
BELLOWS 


solve these 
basic design problems 


This handy quide 
will help you . . . 


Tbe Flexon Bellows De- 
sign Guide offers useful 
application data and 
basic specifications on 
Flexon brass and stainless 
steel bellows. If you do not 
already have a copy, write 
for yours today, or see 
Flexon Bellows specifica- 
tions in Sweet's File for 
Product Designers. 


nex BELLOWS 


moos 


Flexonic 


Flexon identifies 
products of Flexonics 
Corporation that 
heve served industry 
for over 52 yeors. 


HIGH TEMPERATURE APPLICATIONS 


7 In any product that requires a motion controlled by temperature, 

& or where a shaft or similar part must be sealed without packing, 

e Flexon Bellows will answer the problem—and assure quality 
performance. ` 


Flexon Bellows are manufactured by advanced methods to com- 
bine economy with exceptionally high standards of uniformity. 
They áre available in brass, bronze or stainless steel in a complete 


s 1 


range of sizes to meet virtually any need. For unusual applications, 
Flexonics bellows engineering specialists will be pleased to as- 
sist you. For quotations or recommendations, just send an outline 
of your requirements. 


CHICAGO METAL HOSE DIVISION 
1351 $. THIRD AVENUE - MAYWOOD, ILLINOIS 


FORMERLY CHICAGO METAL HOSE CORPORATION 
In Canada: Flexonics Corporation of Canada, Ltd., Brampton, Ontario 


Flexible metal hose Expansion joints Metallic 
bellows 
Aircraft components _ 
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when a 
shim is 


LAMINATED 


here are the 


advantages you get: 


we 
va 


Z » à 
< REDUCED MACHINING COST: 


aD / You machine only to easy 

*— tolerances, The laminated 
shim is adjustable—you simply peel 
laminations of .002 inch brass or steel 
with a penknife—to get exactly the 
spacing you need. You cut costs with- 
out sacrificing quality. 


n SPEEDED PRODUCTION: 


Final fitting can be done 
right at the job. You don’t 
have to take parts back and forth for 
further machining, grinding or filing. 
No special skill required. The lamina- 
tions adjust spacing quickly, easily. 





1410 UNION STREET * 


CUSTOM SHIMS 
F70 


GLENBROOK, 


STAMPINGS 





Shims stamped from 
LAMINUM® look like solid 
metal but actually are 
made up of layers 

of .002 or .003 inch 
AEN brass or steel. The 
E laminations are solidly 

i bonded together, 
over their entire 
surfaces. 


SIMPLIFIED USE: 


Shims come to you in one 
“pack” for each applica- 
tion. They are precision-stamped to 
your exact specifications. No count- 
ing, no stacking, no miking. Gauge is 
always known. No dirt or grit can 
lodge between layers. 





» 
ADDED SERVICE FEATURE: 


€ Throughout the life of the 


I3 machines you produce, 
the simple removal of a shim lamina- 
tion provides a unique adjustment for 
the take-up of wear. Original clear- 
ances can always be restored. 


SEND TODAY for our Engineering Data File 





CONNECTICUT 


SHIM STOCK 





| VERSAL 
| Corp. Catalog Gl-50, 90 pp. It is di- 
| vided 





Catalogs 
and 
Bulletins 


Request additional information using 
postcards following page 24 





(R-1) TUBING—The Ohio Seamless 
Tube Co., Booklet 8 pp. Lists appli- 
cations and typical specifications for 
such tubings as mechanical seamless, 
aircraft seamless, welded mechanical, 
and welded pressure types. Has illus- 
trations of the shapes to which tub- 
ing may be forged and fabricated. 


(R-2) SHOCK AND VIBRATION 
ISOLATORS — Barry Corp. Bulletin 
538, 4 pp, presents detailed technical 
and application information on the 
"Series 670" and "Series 297" shock 
and vibration isolators. These units 
are designed to reduce shock and noise 
caused by impact-type machines, and 
vibration and noise caused by heavy 
rotating and reciprocating machines. 
Isolators in seven load ratings, cover- 
ing the range from 500 to 4400 Ib per 
unit isolator, and with their isolation 
efficiency for vibration at about 70 per- 
cent at 20 cps (1200 rpm) and 90 
percent at 1800 rpm, are described. 
Included are data on dimensions and 
loads, installation procedures, variation 
of natural frequency with load, percent 
isolation of vibration for various fre- 
quencies and applied loads and per- 


formance under shock. 


ROLLER BEARING UNI- 
JOINTS — Borg - Warner 


(R-3) 


into the following sections: 
General Engineering Data; the type 
RA, which consists of the roller bear- 
ing universal joints for wide angle 
operation on farm and industrial ma- 
chines; tubular products, which con- 
tains, rollers and propeller shafts for 
farm machines; the type C which cov- 
ers roller bearing universal joints for 
industrial applications; the type R air- 
craft which covers roller bearing uni- 
versal joints. Has many photographs, 
line drawings and charts giving detail 
engineering data for the many sizes. 


Product Engineering — 1955 Annual Handbook 





CATERPILLAR «rs 


STURDY DEPENDABILITY WITH 
SCREW MACHINE PARTS BY TOUREK 


Gathered together here you see only a few of the 
many extremely accurate Screw Machine Parts we 
make for CATERPILLAR TRACTOR CO. Whether 
their instructions call for production runs of hun- 
dreds or thousands, each sturdy, precisioned part 
measures up to a degree of uniform accuracy that 
makes reject claims a minus quantity. 


CATERPILLAR and many more of our country’s 
most critical buyers can depend upon Tourek for 
the consistently fine quality they demand in their 
Screw Machine Products. They know these better 
parts cut assembly time. And they know, too, 


EXTREME UNIFORM ACCURACY IN 
SCREW MACHINE PRODUCTS 


TOUREK's engineering experience and produc- 
tion facilities can be trusted for the kind of service 
and cooperation they need. 


Ask our capable engineering staff for ideas, sug- 
gestions and cost estimates. Call us while the job 
is on the boards. See what we mean by "Extreme 
Uniform Accuracy" in Screw Machine Parts! 


GET THIS ee TECHNICAL DATA NOW! 


Please write us om your company stationery for useful free 
technical data on TOUREK Screw Machine Products. 
You'll want to keep this valuable material handy for 
reference purposes. 


J. J. TOUREK MFG. CO. 


ESTABLISHED 


1920 


1901 SOUTH KILBOURN AVENUE, CHICAGO 23, ILLINOIS 


. . UP TO 2-5/8" DIAMETER SINGLE AND MULTIPLE SPINDLE MACHINES . . THREADING è TAPPING + 
MILLING © DRILLING © GRINDING © POLISHING è PLATING è HEAT TREATING © SILVER SOLDERING + 


WORLD'S LARGEST MANUFACTURER OF BALL JOINTS 
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Exact tolerances, uniformity 
through constant inspection 
and special mounting tech- 
niques insure the finest qual- 
ity in Bird jewels. 


Complete Bird Jewel Assem- 
blies, to your specifications, 
wil keep your production 
running smoothly, eliminate 
rejects, save time and mon- — TJ 
ey. Make a test in your pro- 7 3) | ( = Y 
duction — send a print with 77. GY ; 
specifications, and we'll pro- 


j i C ntricity is held to 0.0002", maximum 
vide samples for testing. tolerance e all ring jewels, with finer 


tolerances available on special order. 


Actual tests show that Bird 

Cushion Jewel Assem- 

blies perform better and 

beoring are less subject to damage 

from vibration, shock or 

Silicone- improper adjustments 

[C ruber than conventionally 
mounted jewels. 


e Inexpensive shock- 
proofing 
Variable cushioning for 
different conditions 
Mountings to 
specification 
Controlled movement 


Let us show you how Bird Cushion Jewels will add shock 
protection to your instruments. Samples are available for 


testing in your plant — send specifications. 
Over 40 years of serving industry with Quality jewel bearings. 


/ fle Cond &.Co., Ine. 


e Sapphire and glass jewels € Precision Glass Grinding e Guide Valves 
€ Insulators € Sapphire stylii € Precision Sub-assemblies 
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| Spruce Street, Waltham 54. Mass. 


Catalogs and Bulletins continued 


(R-4) POWDER PRESSINGS— The 
United States Graphite Company, En- 
gineering Handbook G-53, 44 pp. 
With the use of color diagrams, the 
method of producing powdered press- 
ings is explained, and die design con- 
siderations are made clear. One page 
illustrates "do's and dont's" in the 
design of powder pressings. Other 
data include tolerances, dimensional 
limitations, bearings loads and permis- 
sible speeds and clearances for pressed 
powder bearings, correct machining, 
the composition and properties of 
fifteen grades of both non-ferrous and 
ferrous powder pressings, and illustra- 
tions of pressed powder parts. Supple- 
ment A lists 132,000 different sizes 
and shapes of bearing and bushings 
for which this company has die sets 
already available. This supplement 
must be requested specifically. 


(R-5) SEALING PROBLEMS—The 
Rotary Seal Co., Booklet 547, 14 pp. 
Has illustrations of and describes the 
purpose of each part. Covers the ro- 
tary seal assembly, the seal face, the 
friction ring, the retaining shell, the 
friction ring band, the spring and 
holder, and the stationary seal seat. 
Illustrations show some typical appli- 
cations, and chart gives range. 


(R-6) SMALL GEARING—Gear 
Specialties, Inc, Booklet 6 pp. Has 
many illustrations and a description 
of various types of worms and gears. 
Shows armature shafts with worms, 
spurs and spiral pinions from 1⁄4 to 
¥g in. Shows: spiral bevels; ratchets; 
spurs; worm and gear; gear train; rods; 
internal gears; helicals; spring loaded 
and compound gears; racks; and 
others in all metals. 


(R.Z) COUNTING INSTRU- 
MENTS—Production Instrument Co., 
Catalog 54, 8 pp. Listing a counting 
instrument for every purpose, it con- 
tains specifications for all types, fea- 
tures, and many illustrations. Also 
shows selection monitor automatic 
batch counters, and various actuating 
switches. 


(R-8) MINIATURE CLUTCH— 
High Precision Inc, Booklet, 4 pp. 
Data on a one-way roller clutch as 
small as 1^ in. in length and ! 94, in. in 
dia for use in recording instruments, 
business machines, servo mechanisms, 
and control devices. Has illustrations 
of parts and the clutch unit. 
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HY-LOAD 


High-capacity, cylindrical roller 
bearings for heaviest radial loads 
and light or intermittent thrust 
loads. Produced in 3 diameter 
series, 2 widths and more than 
800 sizes. 


INDUSTRIAL INCH 


Designed for slow-moving, 
heavily loaded machinery where 
large-diameter shafts are the rule. 
Accordingly, it is available in 
fractional-size bores for shafts 
from 4" in diameter upwards. 


BARREL 


A series of angular-contact, 
self-aligning bearings 
capable of sustaining both 
radial and thrust loads. 
Race and roller curvatures 
insure ideal distribution of 
load, not only for normal 
operation but also for 
conditions of misalignment. 


DESIGNED 
FOR 
HEAVY 
DUTY... 


WOUND 
ROLLER 


This is a three-part 
separable bearing 
available in various 
width classifications. 
The roller construc- 
tion provides 
maximum resistance 
to shock, abrasion 
and fatigue. 


— 


TRUNNIONED 
ROLLER 


Ideal for industrial trucks, 
textile machinery, gear pumps, 
conveyors, hoists and agricultural 
equipment. Rollers have 
trunnioned ends which fit into 
holes in the end rings. End 

rings are located and held 
parallel by spacing bars which 
also guide and retain rollers. 


YATT ROLLER BEARINGS 


...aüand there's a type and size for every need 


Hyatt's complete line of radial and angular- 
contact bearings—more than 800 sizes in the 
Hy-Load series alone—makes the engineers’ job 
easier, because it makes possible greater design 
flexibility. For the equipment buyer, this means 
longer bearing life and lower maintenance costs 
—with just the right bearings designed into 
every vital load-carrying position. 


The next time you buy new equipment, or make 
a changeover, specify lower maintenance costs 
by specifying Hyatt Bearings! And if you need 
technical help in your selection of bearings, or 
desire information about particular bearings or 
their applications, ask for the services of a Hyatt 
sales-engineer. Call or write Hyatt Bearings 
Division, General Motors Corp., Harrison, N. J. 


HYATT BEARINGS DIVISION * GENERAL MOTORS CORPORATION 
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At our two plants, we have 
packings experts, backed by 
50 years of experience, work- 
ing with modern equipment 
to produce these packings for 
a host of well-known manu- 
facturers. They know that for 
packings as you want them, 
when you want them, it's 
wise to specify 

G&K-INTERNATIONAL 


FLANGES 





Leather or Rubber. installed in recess 
around rotating or reciprocating shaft. 
Sealing lips and inner side wall form 
dynamic seal on shaft. 





Leather or Rubber. Completely me- 
chanical seal installed in sets in a recess 
on cylinder wall or piston head. Sealing 
areas form dynamic seal inside and out- 






































Leather or Rubber. installed on pistan 
head or backin late. Sealing lip and 
outer side LU orm dynamic seal on 
cylinder wall. 


U-PACKINGS 





leather or Rubber. Completely me- 
chanical seal installed in recess on cylin- 
der wall or piston head. Sealing lips and 
side walls form dynamic seal inside and 
outside. 


























OIL SEALS 


Leather or Rubber. Usually incorporate 
a metal case or supporting ring. Installed 
around a rotating or reciprocating shaft 
to retain or exclude fluids, dust and dirt. 


Rubber only. Self-sealing from either 
direction. Installed in a small recess in 
wall or piston head; also as o static 
seal. Also available: leather and synthetic 
Back-up Rings. 


Write for G&K-INTERNATIONAL Catalog and Monval 201-A. 
60 pages of up-to-date data including latest JIC and officially 


> recommended sizes for all types of packings. 
9 
v 


= INTERNATIONAL 
'LEATHER —SYNTHETIC RUBBER 


GRATON & KNIGHT COMPANY, Worcester, Massachusetts 








INTERNATIONAL PACKINGS CORPORATION, Bristol, N. M. 








Packings 
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Catalogs and Bulletins continued 


(R-9) AIRCRAFT HARDWARE— 
Air Associates, Inc., Catalog 21 a, 240 
pp. Divided into two sections, the first 
section illustrates and describes in de- 
tail aircraft hardware items, including 
nuts; bolts; rivets; clips; clamps; pins; 
turnbuckles; pulleys; washers; rod 
ends; fasteners and fittings. The sec- 
ond section has reprints of the original 
AN specifications, with dimensions 


(R-10) BALANCED PRESSURE 
SEAL—Sealol Corp., Bulletin 7, 8 pp. 
Describes a mechanical, or face type 
shaft seal for high pressure applica- 
tions. Has a balance pressure feature 
resulting from the use of a differential 
area principle, which eliminates the 
need for high spring loading. Booklet 
has complete engineering data, many 
illustrations and installation and de- 
sign data. 


(R-11) DIE CASTINGS—The Hoov- 
er Co., Booklet 855, 12 pp. A picture- 
caption type presentation shows how 
die castings are made, from engi 
neering to X-ray. À section contains 
hints for designing good die castings, 
and an informative chart. 


(R-12) METAL STAMPINGS—The 
Quadriga Mfg. Co., Booklet 865, 16 
pp. Has many illustrations and tables 
giving data on tension washers, fric- 
tion washers, wire terminals and finish- 
ing washers. Illustrations of a wide 
variety of stampings possible. Gives 
lists and sizes of progressive and com- 
pound washer dies available. 


(R-13) SHOCK MOUNTING SYS- 
TEMS—Robinson Aviation, Inc., Bul- 
letin 750, 16 pp. Illustrates the de- 
velopment of all-metal mounting 
systems for the maximum vibration 
isolation and shock protection of elec- 
tronic equipment. Defines shock, vi- 
bration, and shows the effect of vibra- 
tion on equipment. Has illustrations of 
all types of mounts. 


(R-14) PRECISION METAL PARTS 
—The Torrington Co., Booklet, 4 pp. 
Illustrations of the many small parts 
that are made to close- tolerances. 
Some of the parts described are: spe- 
cial pins and pivots; rotary swaged 
rods; screw driver blades; wires and 
tubing in all kinds of metals; man- 
drels; punches; abrasive points; and 
polishing wheels. 

( Continued on page F-82) 
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OILITE 
BEARINGS 





d - 
um +w 


* Highest Factor of Safety ° be Application Engineered 


* No Inert Substances and No Graphite * More Than 4,000 Engineers 
abd v — — * Field Engineers for On-the-Spot Service 
* More Than 25 Years' Experience Depots Throughout U.S.A. and Canada 
Ls ° Developed World’s First Heavy-Duty, 
In Finished Machine 5— enig "T * Continuous Research and Development 


* 9 /) VW ⁄ > 


— 
Chrysler originated the art of die- 
pressing metal powders into precision * 
Finished Machine Parts. This process Get better acquainted with OILITE Products. S 32 
eliminates upwards of 36 machining LI 


operations and effects SAVINGS Let us mail you our Bulletin S-53. 
ranging from 35% up to 96% over 
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conventionally produced parts — —— 
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New Freedom of Design is permitted € H RYS LE 4 TRAPPED 

by use of OILITE Finished Machine UAn 

Parts and they are available in many € o v B o a ATI o Re 

ferrous and non-ferrous materials. AMPLEX DIVISION ca 

Sizes range from Vs" to over 20” in 

diameter. Huge production facilities Dept. FA Detroit 31, Michigan 

assure fast delivery—normally 1 to 4 aad * 

k ITE PRODUCTS include: Bearings, Finished Machine Ports, a 
— Cored and Solid n. — Miu and Special Units Un NGS 


of Non-Ferrous and Ferrous Metals and Alloys. Ry- 


4.1 [a 


e All Materials 


including carbides; hard cast alloys; stain- 
less, chrome, and high speed steels; ceram- 
ics; plastics; synthetic sapphire. 


e All Sizes - Standard and Special 


from 1$" to 6" or larger. 


e All Quantities, Small or Large 


from 10 balls to millions. 


e High Precision — 
to .000010" on size and sphericity. 


€ Engineering Service 
at your disposal, upon request. 
WRITE FOR quotation and descriptive bulletin. 
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INCREASE PRODUCTION—LOWER COST 
ON YOUR PRESENT EQUIPMENT | INDUSTRIAL TECTONICS, Inc. ANN ARBOR 9, MICH. 


lilustrated above are a group of Jergens Live Roller | 
Bearing Bushings with and without adapters designed | PRECISION BALLS 
to bring machine tools up to competitive levels. The | All Moteriols — All Sizes 
Live Bushings illustrated above replace the bronze 
bearings in the column supports of various sizes and 
makes of Boring Mills. Utilizing two sets of absolutely 
sealed, adjustable, precision tapered roller bearings — 
these Jergens Live Bushings insure such constant rigidity 
and high precision that they permit the use of carbide 
tools to their full capacity giving heavier cuts at higher 
speeds with greater precision and longer tool life. 
The liners of Jergens Livé.Bushings rotate with the 
bars preventing scoring and wearing sef expensive 
boring bars. Every Jergens Live Bushing is made to the 
maximum bar capacity of the boring mill and can be 
easily "bushed-down" for precision adaption to any 
smaller size bar or combination of bars. 


In Large or Small Quantities 


PERFORMANCE 
FEATURES 


e Provides absolute seal against coolants, grit and dust 
e Greater overall length increases accuracy ond 
bushing life 


è Needle Bearings fill applications requiring closer 
center distances 


@ Bearings can be taken apart without removing 
housing 


e Cartridge-type bearing holder provides greater 
accuracy 


e Protects against thrust loads as well as radial 


e Tapered bearings can be adjusted to compensate 
for wear 


e Adaptable to receive removable slip bushings, keys E Job! 
or keywoys ee or very o 


c C Our engineers will recommend the most 
— "s efficient and economicol wheel ond oxle assembly for 


J. G. JERGENS C0. your unit. We invite your inquiries. 


Division of Donley Products, Inc WRITE US FOR CATALOG 


Dept. PE-10 ELECTRIC WHEEL CO. 
11106 Avon Ave. - Cleveland 5, Ohio 2809 MAPLE, QUINCY, ILLINOIS 
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Advertisement 


Exclusive Techniques and 
Services for Better 
Design, Increased Output 


— at Lower Cost 


Micro-Processing is an advanced tech- 
nique, exclusively developed by l.S, which 
permits greater design latitude—becaus« 
the springs are tempered after forming. 
Combined with the extraordinary spring 
properties of beryllium copper, M/P as 
sures an extremely high degree of uni 
formity. Comparison with conventionally- 
made springs has shown M/P to be 2 to 10 
times more accurate. With this exclusive 
technique, we consistently predict and 
rig dly control the critical shapes, dimen 
sions and elastic properties designed for 
your specific application. 


Thousands of applications by leading 
manufacturers of electronic and electrical 
equipment have proven the economy—ol 
both time and actual product cost—ob 
tained through using L.S Micro-Processe 


beryllium copper springs. 


Quality-Control 


To assure the high standards of un 
formity set for all LS springs, each 
coil of beryllium copper strip and wire 
is laboratory tested and certified befor: 
using. Rigid inspection procedures are 
maintained at every phase of the process 


ing and fabrication. 


Free Engineering Service 


The especialized experience and 


knowledge of our engineering staff is 
at your disposal on any problem of spring 
design. Often you can affect considerable 
economy through our knowledge of spring 
fabrication. Then, too, our vast experienc: 
in limitations of functional properties in 
spring design helps you to meet you: 
production deadlines. There is no cost or 


obligation for this service. 


I-S Short Run Service 


For pilot model testing, “small-fry’ 
orders . . . You can easily and eco- 
nomicaly check your design perform- 
ance with regular production line springs 
of beryllium copper—without the cost of 
regular production quantities, or without 


resorting to inaccurate handmade springs. 


Our Short Run service was organized 
expressly to handle small quantity pro 
duction at low cost on springs made 
specifically to your own design. Ask about 


this service it’s prompt and economical 


Instrument Specialties Co. Inc. - 
234-K Bergen Blvd., Little Falls, N. J. 


-. PROCESSED” 


@ ENGINEER'S MICROWAVE KIT . . . saves time and money 
in development work. Contains 9 beryllium copper, jig- 
hardened circular contact rings and 6 finger contact strips, 


Micro-Processed ° 


Beryllium Copper Springs 


to help solve your radio-electronic problems 


E FINGER CONTACT STRIPS . . . for elec- 
tronic equipment—available in a vari- 
ety of contours without tool cost. Length 
—width—mounting holes—and finish 
optional. For information — Write 


for Bulletin B-52. 


BI COIL SPRINGS . . . the finest available 
combination of high strength ond uni- 
formity. Made to your specifications, 


ENGINEER’S ASSORTMENT . 


P 
Q 


ES (ONTACT RINGS . . . standard—ond 
made to order. Truly circular—to in- 
sure equal pressure from all fingers. For 
information — write for Bulletins 
C-52 and D-52. 


© MINIATURE SOCKET AND PLUG BOARD 
CONTACTS . . . produced with automatic 
tooling. Pressure on plug pins and tob 
ductility controlled within close limits. 


100 beryllium 


copper helical compression springs 50 


pairs—a | different 


- INSTRUMENT SPECIALTIES CO., INC. 


WE 234-L BERGEN BOULEVARD, LITTLE FALLS, NEW JERSEY 
Telephone Little Falls 4-0280 


*For full information on I-S M 


Springs—write for your cop 


Micro-Proccssed Springs of Berylliwm ( 
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icro-Proce 
of Catalog No. | 


opper 












How To This new ENGINEER'S 
MANUAL takes you 
on a step-by-step 


MT gn course of designing | 


wire cloth strainers to | 


Your v Cl genit 





If it's a pressure gauge or dial ther- 


mometer, Marsh makes it ... and makes 
it better. The types, ranges and case styles 
are endless. What is “special” to other 
instrument makers is often standard to 
Marsh. To know the scope of Marsh 
instruments— 


cusses weaves, 


IR UE ou Tua: 



















shape and construc- 
tion, flow rate, fabri- 


STR Al NER cation processes. 


Write today for your 


free > 
vn Write for 


this 
fact-filled 
catalog 


i. i 


MICHIGAN 
WIRE CLOTH CO. 


2040 Howard Street 
Detroit 16, Michigan 


- MICHIGAN 


Draws fhe Wire 
<= Weaves the Cloth 

Fabricates the Part 
MARSH INSTRUMENT CO., 
Sales affiliate of Jas. P. Marsh Corporation, 


Dept. 39, Skokie, Ill. Export Dept., 3501 Howard St., Skokie, III 


in one continuous production line 





NATURAL & SYNTHETIC 


CLOSED-CELL 
SPONGE RUBBER 


Trode Mork 


A unique ARco advancement 
in sponge rubber! 


Available in a full range of | — sasana — 
densities, sizes, and thicknesses 
ond soft, medium, and firm 
grodes ARco-CEL is made up of 
individually sealed cells of inert 
nitrogen. 











Light, moisture-proof, soft, ARco- 
CEL is an insulating ond shock- 
obsorbing material, broad in | 
manufacturing applications, and | 
idea! for mony industrial and | 
scientific purposes. It con be die- 
cut, split, laminated, and bonded 
to other materials. Some forms | 
of ARco-CEL con be molded 
into special shapes. 


NEED INFORMATION? 


The prepaid postcards following 





























page 24 will bring you further data 










Descriptive folder available 
on request. 


on any product advertised in the 
HANDBOOK. 








d 
Anything can be covered ~~~ with rubber . . . by ARco! 
AUTOMOTIVE RUBBER COMPANY, INC. 
12558 Beech Rood ot P.M.R.R. o Detroit 39, Michigan 
DETROIT * KALAMAZOO «+ HOUSTON 
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for control of 


SHOCK ond VIBRATION 


ALL-METL VIBRATION ISOLATORS 


Types M44 and M64... have non- 
packing, wire-mesh damper; meet 
latest Government specifications 
for airborne electronic equip- 
ment; ruggedized; light weight, 
operate over wide temperature 
range. ASK FOR BULLETINS 534,536 


AIR-DAMPED VIBRATION ISOLATORS 


Types 780(JAN#2),770(JAN#1), 

and 6475 (Miniaturized) 

to protect airborne equipme nt; 
meet latest Gov't specifications; 
give maximum protection under 


normal service conditions. Š 
ASK FOR CATALOG 523-A 3 


RACKS and MOUNTING BASES 


To meet dimensional and 
material requirements of - 


L3 
JAN.C-172; also special . WN 
sizes to fit customer's ; < 
needs; built with ALL- ç — 4 
METL or AIR-DAmPED unit - . 


Barrymounts. 
ASK FOR CATALOG 523-A 


SHOCK MOUNTINGS — PLATE TYPE 


Particularly suited to mount 
mobile communications equip- 
ment, shipboard equipment, and 
in vehicular use where shock pro- œ 
tection and high stability of 
mounted equipment are required. 

ASK FOR BULLETIN 541 


LEVELING MACHINERY MOUNTS 


For simplicity of installation, 
speed of leveling. flexibility of 
machinery rearrangement, and 
reduced maintenance costs. Heavy 
or light machines can be quickly 
moved, leveled in seconds, and 
producing in a fraction of the 
normal time. No floor fastening 
néeded, leveling done by adjust- 
ment within the mount. 


ASK FOR 
"LOOK — NO LAGGING" 


THE BARRY CORPORATION 


— € 


MOUNT 


UNIT VIBRATION ISOLATOR 


Type 915 . . . to isolate vibra- 
tion and noise caused by high- 
speed motors, motor-generator 
sets, and rotating machinery; 
load ratings to 200 pounds. 

ASK FOR BULLETIN 532 


ISOLATORS for VERY LIGHT LOADS 


Small, rubber, vibration isola- 


tors for light-duty, low-cost 
service; load ratings from 2 
ounces to 9 pounds. 

ASK FOR CATALOG 504-8 


SHOCK MOUNTINGS — CUP TYPE 


To absorb high-impact shocks; 
equal stiffness in all directions; 
seif-captivating metal parts; steel 
or aluminum shells; load ratings 
to 1800 pounds. 

ASK FOR CATALOG 504-B 


ENGINEERING DATA FILE 


Lists all Barry bulletins, technical 
articles, reprints. Files your own 
copies for ready reference. Gives 
the names, addresses, and tele- 
phone numbers of all Barry sales 
representatives. 


COMPLETE ENGINEERING SERVICE 


© Application engineering — Our Field Engineering 
service gives you the full benefit of the widest practical 
experience, backed by complete testing and develop- 
ment laboratory facilities. 
Development engineering — When a totally new 
design is needed, our engineers can analyze your prob- 
lem and develop an isolating system to solve it. 
Consulting engineering — Barry engineers can set up 
and carry out scientifically designed tests to learn how 
shock and vibration affect your products, can tell you 
how to protect your equipment, and can help you solve 
a variety of problems in shock and vibration. 


777 PLEASANT ST., WATERTOWN 72, MASS. 


Let the nearest Barry representative help you in every phase of your shock, vibration, and noise problems. 


ATLANTA CLEVELAND DETROIT 
Henry W. Burwell Co., Inc Jay Engineering Co $. Sterling Co. 


BALTIMORE DALLAS KANSAS CITY 
Ken Rondall Co. Campion Sales Co Horris-Honson Co. 


CHICAGO DAYTON LOS ANGELES 
The Borrymount Corp. Jay Engineering Co E. V. Roberts & Associotes E.R.A., 
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MINNEAPOLIS PHILADELPHIA $T. LOUIS WASHINGTON 
fred B. Hill Co Ken Rondol! Co. Harris-Manson Co. E. R. Hitchcock 
NEW ENGLAND PHOENIX 
School Associates, Inc. E. V. Roberts & Associates E V, Roberts & Associates CANADA 
lexington, Mass ROCHESTER, N. Y. TON 
NEW YORK CITY Arthur C. Hansen SEATTLE (Canada) Lid 

, Greot Neck, L. 1., N. Y. S. P. Scanlon Ron Merritt Co 


SAN FRANCISCO 
Somvel C. Hooker 


Montreal —Toronto 
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Solve Many Bearing Problems 


* Resiliency resists poundout * Operate in liquids 
* Permit dry operation * Close fits 
* Minimize abrasion failures * Non-contaminating 
è Silent operation * Extremely compact 
* 
^ 
* 





HANDLE 


M 


u 


MACHINE I ClAMPING HB 
ab uis: HAND WHEELS LEVERS 





You can free machines and manpower for sale- | 
able production, and cut costs, too! Let Balcrank 
supply your needs for machine tool handles, 
wheels, levers and accessories. Balcrank skills | 
have been built through 46 years of experience. | 
There are more than 500 different standard | 
models in stock ready to adapt to your require- 
ments. Or we'll produce your own designs in 
reasonable quantity. Write today for our cata- | 
log and prices, or for any special data. 


BAL 








* Lower friction light weight 

* Superior corrosion resistance Low cost 

* Damp mechanical vibration Longer life 

* Eliminate friction oxidation * Less maintenance 
* Bearing surface instantly replaceable 





* For further information and the name of your local representative, write 


THOMSON INDUSTRIES, Inc. 







gas — 





d. š —S Dept. 15 
4 DISNEY ST. | (S Manhasset, New York 
CINCINNATI 9. OHIO Also Manufacturers of BALL BUSHINGS . . . the Ball Bearing for Linear Motions 


*WOODRUFF KEYS 
* MACHINE KEYS 
*MACHINE RACK 
* TAPER PINS 
“COTTER PINS 

* SPECIAL PARTS 


and other Stanho products 
Bulk or Packaged 


WRITE for CATALOG 
and PRICES 


Pee 

ELS 

PARTS AND ACCESSORIES. 
Circular 249 






mum dl 


For farm implements, road ma- 
chinery and all other industrial 
applications where good wheels 
ore necessary, you need look no RUBBER TIRED DISC 
farther than “GENEVA.” If our large WHEELS PNEUMATIC AND 
range of standard sizes and types SEMI-PNEUMATIC TIRES 
does not meet yourrequirement,our Circular 10: 


he 
- 
š 
"" 


z | engineering staff will gladly help 
| you with special designs. Our MOLDED-ON SOLID 
| SPECIAL DESIGN SERVICE is fur- RUBBER TIRED 
| nished without obligation. TERTE 
GENEVA WHEEL CO. Bulletin 352 
ORSE NA/L CORP 402 RAILROAD ST. ili cman 
GENEVA, OHIO SPOKE WHEELS 






NEW BRIGHTON. PA Sold to manufacturers of portable equipment Circular 949 
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ENGINEERING COOPERATION AND DESIGN ASSISTANCE 
Bring You The Advantages Of Ball Bearings Like These 


BCA XLS BEARINGS for applications where space is limited 


BCA XLS Bearings are especially useful where space is limited and where weight must be held 
to a minimum—these Conrad type bearings, made to inch boundary specifications, feature a 
8 smaller bearing section for a given shaft diameter. They are suitable for any combination of 
Ye radial and thrust loads. BCA XLS Bearings are used in metal turning machines, earth-moving 
and other equipment. 


BCA 5200 and 5300 SERIES bearings can carry any 
combination of radial and thrust loads 


BCA 5200 and 5300 Series Bearings are double-row bearings of the angular contact, 
maximum capacity type. The maximum load-carrying capacity is the result of the larger 
ball size in BCA design. The vertex of the contact angle, between the balls and the 
raceways, falls within the bearing. This construction insures enough flexibility to compen- 
sate for mounting inaccuracies without sacrificing the rigidity required in many double-row 
bearing applications. These bearings can be furnished with shields and lock ring grooves. 


BCA 1200 and 1300 SERIES bearings for HEAVY loads 


These BCA maximum capacity type bearings meet the heavy duty requirements of service in 
farm tractors, road machinery, power shovels, earth-moving equipment, and special materials- 
handling vehicles. Additional balls are introduced between the raceways thus increasing radial 
load carrying capacity to a maximum. BCA 1200 and 1300 Series Bearings are made to the 
same standard metric boundary dimensions as corresponding BCA Conrad type bearings. 


BCA ANGULAR CONTACT BEARINGS for maximum performance 


BCA Angular Contact Bearings feature a sturdy, one-piece S-section retainer. There are 
no rivets to work loose, and the design of the retainer permits construction that is fully 
angular-contact on both outer and inner rings. Low, medium, and high angles of contact 
are available in both light and medium series bearings. These BCA Bearings have the 
ability to carry any combination of radial and thrust loads. Thrust loads are taken in 
one direction only. 


BCA engineering coop- 
eration and design assis- 
tance are available to 
help solve your problems 
involving ball bearings. 


BCA engineers, working with manufacturers of farm equipment, have developed a line 
of low-cost bearings—pre-lubricated package units—designed to save installation time 
for the equipment manufacturer and service time for the farmer. BCA Cam Follower 
Bearings, Whee! Bearings, Idler Pulley Assemblies, Flange Bearings, and Hay Rake 
Bearings already have been proved in use in the equipment of many leading manufacturers. 


radial, thrust, angular-contact Ball Bearings 
BEARINGS COMPANY OF AMERICA 


DIVISION OF FEDERAL-MOGUL CORPORATION 
LANCASTER * PENNSYLVANIA 
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SPECIAL TUBING 


and 


OILERS 


For high volume production or small 
quantity runs, our complete modern 
facilities are at your disposal for 
any special . formed tubing you 
might require. 


BENDING —. FLARING 
SWAGING — ASSEMBLING 


Our engineering department will 
help develop special designs, sub- 
mit samples and quote on your 
tubing requirements, special lubri- 
cating devices and oilers. We al- 
ways maintain a large stock of 
standard oilers at the Detroit 
factory. 


WRITE FOR CATALOG 


Our new catalog is designed for your 
purchasing and engineering needs. ll- 
lustrates and gives complete data on 
= standard oilers. Send for your copy 
today. 


EYNON-DAKIN COMPANY 



















synthetic 


SAPPHIRE RUBY 


Wear Plates * Insulators 


FOR Spacers * Contacts 
Supports 













Single Homogeneous Crystals 


e Extreme Hardness (MOH-9) 

Surface Finish To "O" RMS 

High Dielectric Strength—Non-Porous 

Easily Bonded To Metals 

Ground e Flame Polished e Polished 
Write Today for Full Details 





9911 FREELAND AVE. | DETROIT 27, MICH. 






































INDUSTRIAL SAPPHIRE COMPANY 
BOX 422, QUAKERTOWN, PA. 
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Catalogs and Bulletins . . -Continued 


(R-15) NEEDLE BEARINGS—The 
Torrington Cc., Catalog 61. Has basic 
technical data, facilitating the selec- 
tion of the proper bearings for any in- 
stallation. Has many cross-section 
drawings showing the details of typical 
installations. Also covers design fea- 
tures, bearing selection, sealing, and 
lubrication. Has tables on speed and 
life factors, as well as capacities, and 
hardness factors. 


(R-16) FLEXIBLE CABLE CON- 
TROLS—Teleflex, Inc., Bulletin 500, 
16 pp. Describes a mechanical system 
using a rack-like flexible cable within 
a smooth, rigid conduit. Transfers 
linear or rotary motion without inter- 
mediate links or pulleys. Procedure for 
laying out a control on linkage. 


(R-17) VIBRATION ISOLATORS— 
The Barry Corp., Bulletin 537, 4 pp. 
Presents detailed technical and applica- 
tion information on the series 262, 
and 633 vibration isolator mounts for 
light industrial applications. Data in- 
cludes: dimensions and load ratings; 
installation procedure; variation of 
natural frequency with load; and per- 
cent efficiency of isolation. 


(R-18) INDUSTRIAL WIRE 
CLOTH—National-Standard Co., Cat- 
alog, 64 pp. Has information on the 
many types, sizes, and applications of 
wire cloth. Illustrations are given of 
each kind, along with the sizes and 
weights. Complete information is given 
on special weaves, square and fine 
mesh wire cloth, filter cloth, selecting 
and testing, calculating weight, suit- 
ability of metals, properties of metals, 
protective coatings, and wire gages. 
Has many charts, tables, conversion 
factors, and data on other metals. 


(R-19) INDUSTRIAL CASTERS— 
Faultless Caster Corp., Catalog 157, 
80 pp. Information to aid in the selec- 
tion of casters designed and sized for 
specific duties. Has complete specifi- 
cations for all types, with many illus- 
trations of each. 


(R-20) BRONZE PRECISION 
BEARINGS—Chrysler Corp., Bulletin 
S-53, 26 pp. Lists more than 700 
standard bearings, cores, bars and 
plates. The bearings are the Oilite, 
heavy-duty, oil cushioned, self-lubri- 
cating type. Also has graphs on: static 
bearing loads; dynamic load capacities; 
bearing clearances; and press fit values. 


Catalogs and Bulletins continued 
(R-21) INDUSTRIAL V-BELTS— 
Durkee-Atwood Co., Catalog D-161 
A, 60 pp. Contains much engineering 
data and tables on a line of industrial 
V-belts for multiple and general duty. 
Covers: belt types; calculations; com- 
parison charts; correction factors; de- 
sign information; drive tables; for- 
mulas;  interchangeability selection 
charts; oil resisting belts; velocities; 
and other data. 


(R-22) LIQUID COOLED COU- 
PLINGS—Dynamatic Corp., Bulletin 
WC-2, 12 pp. A detailed discussion 
of the application, characteristics, and 
construction of liquid cooled cou- 
plings. Gives data on: torque charac- 
teristics; applications; selection chart; 
basic construction, and control. 


(R-23) SPEED REDUCERS, GEAR- 
MOTORS — Eberhardt-Denver Co. 
Catalog No. 1006, 48 pp. Line of 
speed reducers, screw conveyor drives 
and gearmotors are illustrated with 
photographs and drawings. Their 
ratings are given in tables. Informa- 
tion on selection of speed reducers, 
lubricating suggestions and other data 


included. 


(R-24) SPEED REDUCERS & 
GEARS—Grant Gear Works. Catalog 
70, 178 pp. With illustrations of all 
types, it contains complete specifica- 
tions for spur gears; bevels and miters; 
worms and worm gears; spirals and 
feed screws; internals and racks; a line 
of speed reducers; ratchets and pinion 
wire; sprockets and chains; cast tooth 
gears; couplings and universal joints; 
and engineering data and tables. 


(R-25) WORM GEAR SPEED RE- 
DUCERS—The Cleveland Worm & 
Gear Co. Catalog 400, 174 pp. 
Presents in a compact and usable 
form a catalog showing in complete 
detail how to select speed reducers for 
any specific purpose. It is divided into 
many sections, some of which are: 
Why Worm Gear Speed Reducers?; 
Worm Gear Design; Ratings of Stand- 
ard Single Reduction Units; Efficiency 
Curve; Ratings of Double Reduction 
Units; Dimension Sheets; Cooling 
Tower Drives; Fan Cool Units; Special 
Unit Designs; and Standard Compo- 
nents for Built-In Drives. Has many 
illustrations of all the types produced 
with rating tables for each, plus many 
graphs. A number of cutaway views 


are shown along with close-up views. | 





MINIATURE / à 


BEARINGS | 


7 ó 
u CONSTRUCTION 


When you use RMB miniatures in instru- 
ments and small mechanisms, you get 
engineering features which you expect 
to find only in anti-friction bearings of 
much larger size. For example, RMB 
Type RF FILMOSEAL bearing (illustrated) 
available in sizesfrom.1969"'OD, includ- 
ing the popular R2 size(.375' OD—.125" 
Bore), has these important design details: 

A—Deep groove races, uninterrupted 

by filling slot 
B—Balanced two-piece or snap-type 
ball retainer 

C—Non-rubbing capillary oil seal 

D—Dust shield 

E— Precision tolerances 
In the manufacture of all RMB bearings, 
no matter how small, there is never 
any compromise with the principles of 
good bearing design. 


«e LANDIS & GYR 


INCORPORATED\ 


Self-aligning 


The simplest and most com- 
pact of the miniature types. 
Use them where size, 
weight and cost must be 
kept! low, yet where you 
wont the low friction and greater endur- 
once of a ball beoring. Typical applico- 
tions: Meter movements, smal! gear trains, 
lever pivots. Sizes: From .043” to .423” 0.D 


ANGULAR CONTACT 


Self-aligning 
with inner race 


Similar in capacity and ap- 
plication to the pivot types, 
but somewhat easier to in- 
stoll becouse they take 
cylindrical shafts. These types, os well os 
the pivot types, are self-aligning, will 
carry thrust and radial loads. Sizes: From 


.157" to .787” O.D 


RADIAL 


Without inner race 


Particularly useful where 

loads are relatively light, 

low starting torque ond 

high shock ond wear re- 
sistance are important. Typical applications: 
Pivots for balance arms; shaft supports in 
control ond recording mechanisms. Sizes: 
From .1181^ to .4724" O.D. 


——— ————9 


RADIAL 


Deep Groove 
with inner race 


These Conrod type preci- 

sion ball bearings, with 

deep groove design ond 

balanced ball retainer, 

provide maximum load ca- 
pacity, high running speeds, long life. 
Typical applications: Small motors, sound 
recorders, computers, potentiometers. Sizes: 
From .1181^" to .8661" O.D. 


OTHER TYPES 


ROLLER BEARINGS AS 
SMALL AS 0.4724" OD 

AND MANY SPECIAL 

TYPES AND DESIGNS 

NOT SHOWN HERE ARE 

ALSO AVAILABLE IN A 

WIDE RANGE OF SIZES. 

WRITE FOR COMPLETE 

NEW CATALOG WHICH INCLUDES 
INFORMATION ON MOUNTING AND 
APPLICATION OF MINIATURE AND 


45 WEST 45TH STREET, NEW YORK 36 \ INSTRUMENT BEARINGS. 
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NEW BOOKS 
Fastening and Joining 


Involute Splines. Paper B5.15. Pub- 
lished by The American Society of 
Mechanical Engineers, 29 West 39 
St., New York 18, N. Y. $2. 


Tables give dimensional and effec- 
tive clearances, minor diameter fits, di- 
mensions for both the flat root and the 
fillet root types, basic measurements 
between and over pins, special pin 
measurements, and hob and broach di- 
mensions. There are provisions for 
allowable errors, formulas for calcu- 
lating pin measurements and torque 
capacities, and suggestions for placing 
dimensions and data on drawings. 


Weld Standards. 842 x 11 im., 19 
sheets. Published by the Lincoln 
Electric Co., Cleveland 17, Obio. 
$1 zm U.S.A.; $1.50 elsewhere. 


This set of weld standards has been 
made available to enable the engineers 
of machinery manufacturers and fabri- 
cators to acquire both cost and quality 
control over welding operations. The 
Standards are available on tracing 
paper so that they can be blue-printed 
or otherwise reproduced for the pur- 
pose of giving engineers and produc- 
tion personnel a standard for com- 
municating welding procedure on 
drawings. They are based on proce- 
dures developed by Lincoln and the 
weld symbols of the American Weld- 
ing Society. 

A common problem to engineers 
and designers in designing for welded 
machines or structures is assuring that 
the welds are made as specified. This 
is a problem in both communication 
and cost and quality control. Weld 
Standards help solve both aspects of 
the problem. With a simple letter 
designation, they specify, according to 
plate thickness, both the type and size 
of weld as well as how it should be 
made. With both engineering and 
shop using the same standards and 
having print of the standards available 
at all times, the engineer can be as- 
sured that the weld he has specified 
will produce the results for which it is 
designed. The shop can be assured that 
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it is making the desired weld according 
to specifications for economy, strength 
and appearance. When the information 
in the Weld Standards regarding plate 
preparation and fit-up is followed, the 
use of procedure for a specified plate 
thickness will result in a weld equal 
to the plate in section and strength. 
For a specified plate thickness, the 
electrode type and size, the polarity 
and current, electrode melt-off rate, 
arc speed, number of passes or beads, 
feet of join welded per hour, and the 
pounds of electrode required per foot 
of weld are given. All of these factors 
are specified by using the Weld Stand- 
ard designation in conjunction with 
the regular American Welding Society 
symbol. Standards have been prepared 
for manual welding of butt welds, fillet 
welds, lap and corner welds in all po- 
sitions in both plate and sheet metal. 


Welding Engineering by Boniface 
E. Rossi, Exec. Secretary of the 
Pressure Vessel Research Commit- 
tee of the Welding Research Coun- 
cil; Special Lecturer on Welding 
Stevens Institute. 6 x 9 in., 786 pp. 
Published by McGraw-Hill Book 
Co., Inc., 330 West 42 St, New 
York 36, N. Y. $8. 


The aims of this work are: (1) to 
familiarize the student or beginner 
with certain welding fundamentals, 
(2) to give those now in the field a 
wider understanding of the process, 
and (3) to provide a useful source of 
reference for the draftsman, designer, 
engineer, researcher, and executive. 

Section the book covers 
various welding processes, such as 
forge, thermit, gas, pres- 
sure gases, arc, submerged arc, inert- 
gas-shielded arc, atomic hydrogen, 
stud, induction, flow and cold weld- 
ing; it also covers soldering, brazing, 
surfacing, metallizing, oxygen and arc 
cutting of metals, and safe practices 
and health precautions. 

Section two deals with metals, their 
metallurgy and visibility. Section three 
presents and discusses pertinent design 
and fabrication considerations, such as 


one of 


resistance, 


welded design and its field of applica- 
tion; types of joints, welds, and stress 
distribution; layer sequences, deposi- 
tion rated, and welding costs; expan- 
sion, contraction, and residual stresses 
in welding structures; welding jigs; 
and standard symbols adopted by the 
American Welding Society. 

Recent developments in the field 
are covered, including several subdivi- 
sions on inert-gas-shielded arc welding 
and submerged arc welding, pressure 
gas welding, stud welding, cold weld- 
ing, and induction welding. 


Animal Glue In Industry. 52 x 8% 
in., 101 pp. Prepared and published 
by the National Association of Glue 
Manufacturers, Inc., 55 West 42 St., 
New York 18, N.Y. $1 cloth-bound, 
$.40 paper-bound. 


This volume outlines in some detail 
satisfactory, proven methods for the 
proper utilization of animal glue with 
principal areas of application in the 
adhesive, sizing and coating, composi- 
tion, and colloidal fields. No attempt 
has been made to cover all industrial 
uses; rather, an effort has been made 
to select for illustrative purposes a few 
of the more salient applications of 
the product in each of its major field 
of uses in various industries. 


Welding of Non-Ferrous Metals 5) 
Edward G. West. 6 x 9 in., 553 pp. 
Publisbed by Jobn Wiley & Sons, 
440 Fourtb Ave., New York, N. Y. 
$8.50. 


By way of contrast with most books 
on welding dealing with iron and steel, 
this book is devoted to the welding of 
aluminum, magnesium, copper, nickel, 
lead, etc., including the precious metals. 
It is a well-rounded text with adequate 
information on basic metallurgy and on 
welding equipment and techniques. In 
addition to having information for de- 
signers and engineers, it also has in- 
formation for practical welders. The 
book has 273 illustrations, 90 tables, 
and an extensive bibliography. 
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From NACA TN 2709 


Fatigue and Static Tests 
of Flush-Riveted Joints 


DARNLEY M. HOWARD 


FRANK C. SMITH 
National Bureau of Standards 


A STUDY OF THE EFFECT of a central 
drilled hole on the fatigue properties 
of 24S-T3 and 75S-T6 aluminum alloy 
strips at zero mean stress, which was 
the first part of this investigation, is 
reported in NACA TN 1611 (Ref. 1). 
The study reported in this present ar- 
ticle extends the earlier work to fa- 
tigue and static tests of flush riveted 
joints of both butt and lap types. The 
results presented here give additional 
information on the strength of riveted 
joints as follows: 

1. The loads were sufficiently high 
to give some failures well below 10,000 
cycles. 

2. The tests were conducted with 
completely reversed load using lateral 
guides to prevent buckling during the 
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compressive portion of the load cycle. 

3. An attempt is made to correlate 
the fatigue strength with static slip 
strengths 

4. For comparison purposes, similar 
joints were tested in 0.032 in. bare and 
Alclad 24S-T3 and 75S-T6 aluminum 
alloy sheet. 


SPECIMENS. The construction of the 
fatigue test specimens is shown in Fig. 
1. These specimens were multiple rivet 
joints 3 in. wide. In the butt joints, 
Fig. 1 (A), each of the two abutting 
sheets was joined by a row of rivets to 
a third sheet of 24S-T3 aluminum al- 
loy 0.125 in. thick. In the lap joints, 
Fig. 1 (B), the overlapping sheet was 
allowed to extend 234 in. beyond each 
side of the rivet line to simplify the 
use of lubricated solid guides, which 
will be described in a subsequent sec- 
tion of this report. 

The sheet materials used were 0.032 


in. thick bare and Alclad 75S-T6 sheet; 
0.032 in. thick bare and Alclad 24S-T3 
sheet; and 0.064 in. thick Alclad 75S- 
T6 sheet. All of the joints used Y in. 
A17S-T3 aluminum-alloy rivets with 
100 deg countersunk heads. In some 
joints, the holes were machine counter- 
sunk; in the rest, dimpled holes were 
formed using the fixture shown in Fig. 
2. All riveting and dimpling were done 
on the Cleveland Pneumatic Tool Com- 
pany model 24B nee squeezer. The 
diameter of the driven head was made 
equal to approximately 115 times the 
nominal shank diameter. None of the 
driven heads showed cracks. 

Tests to determine axial-load S-N 
curves of the sheet material were not 
made since previous tests showed no 
correlation between the fatigue strength 
of joints and that of the sheet ma- 
terial from which they were fabricated. 

The static tensile and compressive 
properties of the sheet materials are 
given in Table I. The shearing strength 
of the rivets was taken as that given in 
Ref. 2, that is, 32,000 psi. 


Tests. All the fatigue tests were con- 
ducted under completely reversed ax- 
ial load in a modified — fatigue 
testing machine at 2000 cycles per min- 
ute. Lubricated wooden guides similar 
to those shown in Fig. 3 restrained 
the specimen from buckling during the 
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compression half of the load cycle. The 
guide shown in Fig. 3 was designed to 
restrain the specimens tested in the 
low cycle range. The guide shown in 
Fig. 4 was used for the tests in the 
high cycle range but was found inade 
quate in the low cycle range where the 
loads spread it apart. 

The technique was identical for both 
types of side. Greased paper was 
used between guide and specimen as 
described in Ref. 3. In the lap joint 
tests, Fig. 1 (B), greased > was 
also inserted under the extended tabs 
of the joint to within about 1 in. of 
the rivet line. This paper reduced trans- 
fer of load by friction at these tabs 
The tightness of the guide on the spe- 
cimen was such that the guide could 
be slid axially by hand. A different 
guide block design was used for lap 
and butt joints so that the length of 
unsupported specimen near the rivets 
was small. The guides effectively pre- 
vented buckling of the specimen 

For tests at loads that produced 
failure at less than 10,000 cycles, the 
set of grips shown in Fig. 3 was used 
These grips were made of hot rolled 
steel with transversely serrated contact 
surfaces. Three tightening screws were 
used. An earlier form of grip using 
two tightening screws was used for the 
tests at low and moderate loads. 

The constancy of load of the Tem- 


Lood/rivet, ib 





were designed to restrain the spe- 
from buckling during the 
half of the test load 


=~- Tension 


Compression s — 


Ae Initial lood * (67 Ib/ rivet 
B o /ni/fíg/ 


IO% 


Cycles (not to foilure) 


Fig. 5—Load-eycle curve showing consistency of loading during 
the tests of two 0.032 in. Alelad 24S8-T3 countersunk lap joints. 


plin fatigue machine, Fig. 4, at loads 
high enough to cause some permanent 
slip in the joints was investigated be- 
cause of the nature of the machine con- 
struction. In this machine, the dyna- 
mometer is loaded by the specimen, 
which in turn is loaded by the Scotch 
yoke. In normal operation, nearly all 
of the motion of the Scotch yoke is 
used in stretching the dynamometer 
ring, thus giving a loading condition 
that is relatively insensitive to small 
changes in specimen stiffness. 

With riveted joint specimens tested 
at loads high enough to cause appre- 
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ciable slip, however, there was some 
question regarding the constancy of 
the load as the test progressed. For 
this reason, the load-cycles curves 
shown in Fig. 5 were determined for 
two typical specimens. 

One of these, specimen A, had an 
initial load slightly in excess of that 
required to produce a static slip of 4 
percent of the rivet hole diameter; the 
other, specimen B, had a load slightly 
below the 4 percent slip value. The 
testing machine was stopped periodi- 
cally and the tensile and compressive 
peak loads were measured. For speci- 
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men A, tae average load had dropped 
12 percent at 1230 cycles; for specimen 
B, the average load had dropped 4 
percent at 800 cycles and had risen 2 400 
percent at 5000 cycles. On the basis of 
these results, it was concluded that the 







x 


Specimen Joint 
o / Machine countersunk butt 
aaa Machine countersunk lop 


. . D r 
testing machine would adequately 300} x x ^ Omplediop 
maintain loads up to the 4 percent slip — 
value to failure. 8 
9 
J 


Elongation of the rivet holes and 2004 
“cupping” of the rivet heads, Fig. 6, 
occurred during failure of some of the 
dimpled joints. When this type of 
failure was obtained, the number of 
cycles at failure was taken as the num- 
ber at which the cut-off relay for stop- 
Fig. 6—Elongated rivet holes and Ping the machine was actuated. This i “iP percent of hole dometer 
cupped rivet heads in a dimpled joint relay functioned before the load could 
that failed by rivet hole elongation. drop more than 7 





; Fig. 7—Typical static load-slip curves 
percent. It was as- of the 0.032 in. Alclad 75S-T6 joints. 


Table I—Mechanical Properties of Joint Materials 
sumed that this tearing failure, once 


started, progressed rapidly and that 








TENSILE COMPRESSIVE 
PROPERTIES PROPERTIES consequently the load was fully main- 
on * * - tained during the major portion of the 
Yield Young's Ultimate Yield Young's test 
Material Thickness, strength, * modulus, strength strength, * modulus pg ‘ 
in. 1,000 psi 10° psi 1,000 psi 1,000 psi 10* psi Static tests were made on each type 
75S-T6 Alclad | 0.032 72.0 10.4 78.6 63.6 10.1 of joint to determine the maximum 
15S-T6 Alclad 0.064 75.0 10.1 83.0 69.5 3 load and the relation between applied 
24S-T3 bi 0.032 k š load and the resulting slip or perma- 
I € 9» 10.5 73.5 i 10.9 nent displacement of the joined pieces 
24S-T3 Alclad 0.032 49.5 10.0 67.4 46.0 10.6 A continuous reference line was scribed 
75S-T6 bare 0.032 74.0 10.7 83.7 69.0 10.9 with a razor blade on the edges of the 
— — —— overlapping sheets on each side of the 
*At 0.2 percent off set joint. The slip was determined by ap- 
J | y aj 


Static ultimate lood- 4OO Ib /riveft 
| | 


e 


Percent of static ultimate load 


Fig. 9—Load per rivet against cycles to fail- 
ure for machine countersunk lap joints.—- 
(A) Alelad 75S-T6, 0.032 in. thick.—(B) 
Alclad 75S-T6, 0.064 in. thick.—(C) Alelad 
24S-T3, 0.032 in. thick.—(D) Bare 75S-T6, 
0.032 in.—(E) Bare 24S-T3, 0.032 in. 
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Percent of static ultimate lood 


105 106 io? 


Static ultimate load = 398 lb /rivet 


J — 
4- Percent stoic slip 
| 


Q 
e 


Ó 


ent of static ultimo 


103 104 105 
Cycles to failure 


Fig. 8—Load per rivet against cycles to failure for machine countersunk butt joints. 


—(A) Alelad 75S-T6, 0.064 in. thick.—(B) Alclad 75S-T6, 0.032 in. 


plying a load, unloading to zero, meas- 
uring the amount of offset in the ref- 
erence line by means of a Brinell mi- 
croscope, applying a greater load, un- 
loading, and so forth. The amount of 
slip determined on the two edges was 
averaged. 

In butt joints, the slip was measured 
between each sheet and the backing 
strip, resulting in two sets of load-slip 
data for each specimen. Joints having 
six rivets at 1^ in. pitch were mostly 
used for these static tests; however, in 
some tests joints having three rivets at 
| in. pitch were used. Joints having 
fewer than six rivets were used in 
some of the tests since it was found in 
other tests of riveted joints that varia- 
tion of rivet pitch above 3 in. has no 
great effect on the static load per rivet 
corresponding to a given amount of 
slip. 


RESULTS. Typical static load-slip curves 
for pu of the type tested are shown 
in Fig. 7. The loads per rivet for each 
of the 34 joints subjected to static 
tests are given in Table II for slips of 


2, 4, and 6 percent of the rivet hole 


4-Percent stotic slip 


Stotic ulhmate lood=362 Ib/ rivet 


diameter. The maximum loads are also 
given in Table II. For a given type of 
joint, 75S-T6 sheet, bare and clad, gave 
more strength than 24S-T3, bare and 
clad. For a given sheet material, joints 
using dimpled holes were much strong 
er than those using machine counter- 
sunk holes. Lap and butt joints using 
machine countersunk holes had nearly 
equal strength under static loads. 
Fatigue tests at zero mean load were 
made on 190 multiple rivet joints. The 
types of joints for which the fatigue 
were made and the number of 
tests of each type are given in Table 
III. The curves of load per rivet against 
cycles to failure are given in Figs. 8, 9, 
and 10. The average load for a slip of 
percent of the rivet hole diameter 
and the maximum static load, as given 
in Table II, are also shown in Figs. 8, 
), and 10. A scale obtained by dividing 
* fatigue load amplitude by the aver- 
age maximum static load per rivet as 
given in Table II is also shown on the 
right side of each figure. The results 
show that joints of alclad sheets using 
machine countersunk holes had greater 
fatigue strength than similar joints of 


tests 


- — — 4-Percent static slip 


thick sheet. 


bare sheets. Also, comparison of the 
lap and butt joints using machine coun 
tersunk holes shows that the lap joints 
were superior under fatigue loads 
The curves faired through the data 
of Figs. 9 and 10 (lap joints) are re 
peated in Fig. 11 for comparison with 
each other. It is evident that 0.032 in 
sheet joints using dimpled holes arc 
markedly superior to those using ma 
chine countersunk 
The behavior of the two types of 
lap joints, machine countersunk and 
Vamled, in terms of the static proper 
ti-s measured, are shown in Figs. 12 
(A) and (B). Fig. 12 (A) shows thc 
curve ratio of fatigue to static strength 
against cycles to failure for machine 
countersunk rivets in four materials 
The same relation for dimpled joints 
of the same materials is shown in Fig 
12 (B). Each material in each graph 
has a characteristic curve that, while 
similar to those of the other materials, 
IS vertically displaced Fig. 11 
the curves of load against cycles to 
failure for these joints. The 0.032 in 
dimpled joints of the four materials, 
for example, fall in 


holes 


shows 


a reasonably nar 


Stotic ultimate lood= 356 /b/rivet 


I 





E S 4.9 
Percent of stofic ulfimote lodd 
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row band indicating that they have 
nominally the same fatigue strength. 

lt appears that the vertical displace- 
ments of the curves of Figs. 12 (A) 
and (B) result from differences in 
static properties of the joints appearing 
as a constant in the fatigue strength 
ratios. It is further noted, that the 
differences in materials have more ef- 


fect on the statically loaded joints than 
on those loaded in fatigue. On the 
basis of ultimate load and type of joint 
the best single relation, covering the 
four materials, between load and cycles 
to failure can be based on actual fa- 
tigue load on rivet without regard to 
the static ultimate strength of the joint. 

The mode of failure varied for the 


Table II—Static Properties of Flush Riveted Joint Specimens 
With A17S-T3 Rivets 


Sheet 
material 


Type Sheet 
of thickness, 
joint in. 


Specimen 


75S-T6 1 
Alclad 2 


Average 


MC-butt 


3 
4 


75S-T6 
Alclad 


0.032 24S-T3 
bare 


75S-T6 
Alclad 


0.064 


75S-T6 
Alclad 


0.032 24S-T3 
Alclad 


24S-T3 

bare | 32 
33 
34 


Average 


0.032 


MC-butt; butt joint using machine-countersunk holes. MC-lap; lap joint using machine-countersunk 
holes. D-lap; lap joint using coin-dimpled holes. 


Load, lb per rivet 
Number at slip p:rcent of Maximum 
of ~~ | load per 
rivets rivet, Ib 


422 
373 
398 


400 
406 
403 
413 
403 
383 
400 


320 
411 
321 
396 


362 


81 323 
153 319 


117 7 | 321 


120 333 
155 380 


138 38 356 
320 | 350 


316 356 
312 348 


316 351 


409 
425 
413 


416 


392 493 569 
353 430 540 
350 452 554 
346 453 | 527 


360 457 548 


480 
480 


372 440 
317 400 
367 413 460 
317 388 465 
343 410 | 471 
300 367 468 
278 353 453 
297 345 | 507 
312 364 424 


297 357 463 


400 
437 
400 
395 


408 


320 355 
338 381 
325 355 
308 355 
323 362 


Joints with six rivets had }4-in. pitch; joints with three rivets had 1 in. pitch. 


Slip is given in percentage of rivet hole diameter (0.1285 in.). 
*Values obtained by averaging the two sets of slip data obtained on each butt joint. 
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different types of joints. All the joints 
using machine countersunk holes in 
0.064 in. sheet failed by rivet shear. 
The joints using machine countersunk 
holes in 0.032 in. sheet failed by rivet 
shear at the higher loads and through 
the sheet at the lower loads. The joints 
using dimpled holes in 0.032 in. sheet 
failed through the sheet at low ane 
moderate loads and failed by an elon- 
gation and tearing of the sheet at the 
rivet holes accompanied by cupping of 
the rivet heads at high loads. 


Conclusions 


The following conclusions can be 
drawn from these fatigue and static 
tests of 1% in. dia A17S-T3 100 deg 
countersunk head rivets in lap and butt 
joints, using both machine countersunk 
and dimpled holes, in 0.032 in. thick 
bare J— Alclad 248-T3 and 75S-T6 
aluminum alloy sheet material, and in 
0.064 in. thick Alclad 75S-T6 alloy 
sheet material. 

1. Flush riveted joints using dim- 
pled holes have greater strength than 
those using machine countersunk holes 
under both static and fatigue loads. 

2. Lap and butt joints, using ma- 
chine countersunk holes, have nearly 
equal strength under static loads; while 
the lap joints are superior under fa 
tigue loads. 

3. Joints of alclad sheets using ma- 
chine countersunk holes have greater 
fatigue strength than similar joints of 
bare sheets. 

4. The mode of fatigue failure of 
joints changes with the type of joint 
from failure by rivet shear, for 0.064 
in. sheet using machine countersunk 
holes, to failure by elongation and 
tearing of the sheet at the rivet holes 
accompanied by cupping of the rivet 
heads for dimpled joints at high loads. 

5. The direction of fatigue cracks is 
largely influenced by the direction of 
slip lines in heavily cold-worked areas 
of dimples. 

6. Although curves are shown re- 
lating cycles to failure with the static 
properties—ultimate strength and load 
for 4 percent slip—for 0.032 in. lap 
joints of the four materials, no satis- 
factory single relation covering the 
four materials was found for predict- 
ing the behavior of a type of joint 
from the static properties of a similar 
joint of the same material. 


Prior Investigations 

Much work has been done on the 
fatigue strength of riveted joints. A 
comprehensive list of references to 
work done prior to 1946 is given by 
Jackson, Grover, and McMaster on 
page 154 of Reference 4. They state, 
“Many investigators have found that 
machine countersunk rivets produce 
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Fig. 10—Load per rivet against the cycles to failure for dimpled lap joints. 
(A) Alclad 245-T3, 0.032 in. thick.—(B) Alelad 758-T6, 0.032 in. thick. 
(C) Bare 758-T6, 0.032 in. thick.—(D) Bare 248-T3, 0.032 in., thick. 


— Y |e implied joints 
weaker joints than plain dimpled or | 


press-countersunk riveted joints." | 
More recent work on the fatigue —— E ———-—13— 
strength of riveted joints is described ^ 32"olclod 75S-T6 
in References 2, 5, and 6. ^w --- 0032" bore 245-73 
Reference 2 gives the results of tests ' 
to show the effects of notches, type of 
joint, temperature, material, joint con | 
figuration, and ratio of maximum to kg 
minimum stress on the fatigue life. 
Reference 5 gives fatigue test results 
with completely reversed stresses for 
joints using single 3/16 in. dia 24S 
T31 rivets in a variety of sheet mate- 
rials. No one sheet alloy shows con- 
sistent superiority in the tests of Ref ' 
erence 5, though Alclad 24S-T3 is | 4L QO32"alclad 75S-T6e / 
generally on the high side of the group. | | C 0032“ bon. 
In Reference 5, the design of the joint | | 
is found to have a greater effect on the 
range of fatigue strengths than does 
the choice of sheet material. 
Reference 6 gives the results of 
Swedish fatigue tests using fluctuating 
tensile stress on joints of several dif. 


|— — — Counfersunk Joints 
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Fig. 12—Comparison of fatigue strength ratios of 0.032 in. 
sheet lap joints. (A) Machine countersunk.—(B) Dimpled. 
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Table III —Fatigue Tests of Flush Riveted Specimens 
Joined With A17S-T3 Rivets 


Sheet 
Type of thickness, 
joint in 


Sheet material 


MC-butt 
MC-butt 


0.032 
0.064 


75S-T6 Alclad 
75S-T6 Alclad 


MC-lap 
MC-lap 
MC-lap 
MC-lap 
MC-lap 


0.032 
0.032 
0.032 
0.032 
0.064 


75S-T6 Alclad 
75S-T6 bare 
24S-T3 Alclad 
24S-T3 bare 
75S-T6 Alclad 


0.032 
0.032 
0.032 
0.032 


75S-T6 Alclad 
75S-T6 bare 
24S-T3 Alclad 
24S-T3 bare 


D-lap 
D-lap 
D-lap 
D-lap 


Number of 


Lowest number Highest number 
of cycles to of cycles to 
failure failure 


joints 
tested 


15 2000 
23 20 


3,108,000 
*7,959,000 


16 800 
25 400 
15 200 
18 2000 
21 500 


10,608,200 
9,170,300 
10,752,000 
5,565,800 
*11,666,500 


12 130 
11 290 
22 101 
12 287 


108,600 
95,400 
2,149,700 
*10,000,000 


MC-butt; butt joint using machine countersunk holes. MC-lap; lap joint using machine countersunk 


holes. D-lap; lap joint using coin-dimpled holes 


'Removed before failure 


ferent configurations. Here again there 
I$ no consistent superiority for any one 


sheet material 
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C. FERONI 


Chief Product Engineer, Elastic Stop Nut Corporation 


A CONFUSING VARIETY OF LOCKNUTS differing in prin 
ciple, materials, method of manufacture, and cost is now 
available. While the primary purpose of all of them is 
to resist loosening under service conditions, one or more 
of several other factors may also be important if the best 
balance between performance and over-all cost is desired. 
In many applications, fastener cost itself is incidental 
when compared to the potential cost of a joint failure. 
In others, it may not be economically justifiable to use 
the best quality fastener. 

Unfortunately, there are no simple rules or formulas 
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that will pinpoint the best nut for a given ipplicatior 
All that can be offered is a list of factors that should b: 
considered, with supplementary data based on years ol 
observing the mistakes, questions, and needs of users iu 
many different fields. 

A guide to locknut performance for critical applica 
tions, is given by aircraft specifications AN-N-5 and 
AN-N-10. After establishing strength and materials cri 
teria, these specifications go into the question of torque 
First, they set a maximum “‘first-on’’ torque. If this is too 
high, assembly will be difficult. 

Next, starting torque is specified. This is the pe 
required to move a nut from any position where all thread 
are engaged, but the nut is not seated. A minimum value 
is set, since this is a measure of the tendency of a nut to 
stay in place. 

A minimum prevailing torque is also specified. This 
is the torque required to keep a nut turning, once it has 
been started. It, too, is a measure of the nut's tendency to 
stay in place after assembly. 

Regarding reusable life, the specifications set minimum 
starting and prevailing torques for nuts, to be measured 
after they have been turned on, and kawi from, a 
bolt a given number of times. They specify that a nut 
damages neither bolt threads nor mating surfaces 

Finally, a vibration test is outlined. A test rig is 
described, which will subject a joint to impact and to 
vibration of different frequencies. After a given period 
a nut must not have moved with respect to the bolt, and 
must not be capable of being turned by hand 

Most important in specifying locknuts is the question 
of how resistant to loosening and how reliable the joint 
must be. The different types vary widely in this respect 
Several factors affect the answer. Some are pointed out in 
the accompanying table, but others defy such generaliza 
tion. For example, in many applic ations maximum joint 
reliability is imperative loss of life or damage to valuabl 
equipment could result from loosening of a joint. In 
such cases, to avoid such hazards the cost of the locknut 
is no factor unless there is a cost difference between tw« 
nuts of the same reliability. 

On the other hand, there are applications where relia 
bility can be sacrificed to some extent in favor of cost 
A fastener that meets the rigid AN specs may not b 
needed. Consider a household appliance which has a 
component attached with locknuts to prevent rattling. Ii 
an occasional joint loosens, no harm is done except that 
a service call is required. It might be needlessly expensive 
to use a top quality fastener to obtain maximum reliability 
But it would not be permissible to have several joints 
loosen; service costs would become excessive, and th: 
manufacturer's reputation would suffer. Somewhere in 
between lies the answer. This is the type of decision that 
the designer must make in the light of his particular 
requirements. Some of the factors that determine what 
class of locknut should be used are 


1. Can the risk be run that occasionally something n 

accidentally be forgotten in assembly? Class I nuts depe 

on a secondary element, such as a lock w - or a cotter 
pin. Not only might this be overlooked i 
lock wires or cotter pins can break under severe vibration 
Without the secondary element, these nuts are as free to 
spin as plain nuts. There seems to be little justificatior 
for the popularity that still exists for this class. Probably 
it is partially inertia in resisting a change from practice 
and partially a reluctance to trust what seems like less posi 


tive methods. Actually many types often perform bet ter 


assembly, but 


(Continued on next page 
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Assembly is more costly than for other types. This 
class of elements for locking nuts are most satisfactory 
where some relative motion exists between the respective 
parts of the joint. 


2. Can the nut be seated tight against the work? Class 
V types lock only when they are tightly seated against 
one of the surfaces being joined. If any relaxation occurs, 
they are free to turn off. Such relaxation can occur due 
to creep of the bolt, wear or corrosion of mating surfaces. 
Clamping force is in addition to work load and is usually 
confined to the lower threads. 


3. Is locking pressure spread evenly, or concentrated 
on a few threads) If vibration is severe, the friction which 
— a nut from loosening should be spread over as 
arge an area as possible. This requires expensive, precise 
manufacture. Some nuts lock with interference between 
a few threads or load some threads more than others. 


4. Are all nuts of a given type equally reliable? Some 
classes of nuts are not uniform in their locking ability. 
The amount of distortion of shape which causes locking 
may vary from nut to nut. Also, these types cannot adjust 
to the normal variations of bolt diameter within normal 
tolerance limits. Thus, on bolts with diameters near the 
low limit, some nuts may not lock at all. 


5. Will the joint be exposed to high temperatures? 
Some types of Class IV locknuts have plastic or other 
non-metallic inserts to obtain locking action, and are not 
recommended for use above 250F. 


6. Will the nut be frequently removed and reused? 
Often, bolted joints must be broken periodically for in- 
spection, repairs, access, or maintenance. The types of 
nuts which jam a few threads together for locking can 
damage bolt threads to the extent that the joint cannot 
be remade unless bolts are replaced. 


7. Is speed of assembly important? It obviously takes 
more assembly time for nuts which require extra motions 
to lock, such as insertion of cotter pins or lock wires. With 
large volume production, this is an important factor. 


8. Is ease of assembly important? When a locknut is 
required for a relatively inaccessible location, the free- 
spinning type, Class V, may be preferred. 


9. Will the nut damage the bolt or the work surfaces? 
When a joint design is critical and maximum strength 
is required, stress raisers which jammed-on nuts can cause 


should be noted. 


10. Is there relative motion between parts bolted to- 
gether? If this is so, a castellated nut with pin or lock 
wire may be best, since repeated rotary motion might 
loosen other types. 


All of these factors add up to locknut performance. 
Performance costs money. A precision-made nut, which 
fits all bolts within normal tolerance range, distributes 
locking friction evenly over all threads, can be removed 
and reused dozens of times, and locks anywhere on the 
bolt, whether seated or not, costs more to make than a 
nut which locks by means of threads distorted slightly 
by a hammer blow. A design must be analyzed to deter- 
mine how much reliability and performance is required. 
On the other hand, it is poor economy to underestimate 
performance and reliability requirements. 
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All dimensions given in inches. 
Approximate Proportions A 
0.33 X D 
Length tolerance for rivets shall be plus 
mimus lá in 


2.00 XD; 


or 


Table 1—FLAT HEAD RIVETS 





Diameter of Body, D 


Table 2—COUNTERSUNK HEAD RIVETS 


All dimensions given in inches. 

Approximate Proportions: 
A 1.850 Xx D; H— 0.425 X D 

Length tolerance for rivets shall be plus or 
minus lá in 





Diameter of Heed, A | Height of Head, H 





Nominal | Max Min Max | Min Ma | nb 
— — — disci See ere in — 
1/16 | 0.063 0.065 0.060 | 0.140 | 0.120 | 0.027 | 0.017 
3/32 | 0.094 0.096 0.090 | 0.200 | 0.180 | 0.038 0.026 
1/8 0.125 0.127 0.121 0.260 0.240 | 0.048 | 0.036 
5/32 0.156 | 0.158 0.152 0.323 0.301 0.059 | 0.045 
3/16 0.188 | 0.191 | 0.182 | 0.387 0.361 0.069 | 0.055 
7/32. | 0.219 | 0.222 | 0.213 | 0.453 | 0.427 | 0.080 | 0.065 
1/4 0.250 | 0.253 | 0.244 0.515 0.485 0.091 0.075 
9/32 0.281 | 0.285 0.273 0.579 0.545 0.103 0.085 
5/16 0.313 0.317 0.305 | 0.641 0.607 0.113 0.095 

11/32 0.344 0.348 0.336 0.705 0.667 0.124 0.104 
3/8 0.375 0.380 | 0.365 0.769 0.731 0.135 0.115 
13/32 0.406 0.411 0.396 | 0.834 0.790 0.146 0.124 
7 /16 0.438 0.443 0.428 0.896 0.852 0.157 0.135 
Diameter of Head, A | 
"Absolute | Height 
Diameter of Body, D Min of o 
Sharp! Sharp? Rounded or Head 
Flat Edged Hi 
> diis i Irregular | 
Shaped 
Nominal Max Min Max Min Head: 
1/16 0.063 0.065 0.060 0.118 0.115 0.110 0.027 
3/32 0.094 0.096 0.090 0.176 0.171 0.163 0.040 
1/8 0.125 0.127 0.121 0.235 0.227 0.217 0.053 
5/32 0.156 0.158 0.152 | 0.293 0.284 0.272 0.066 
3/16 0.188 0.191 | 0.182 | 0.351 0.340 | 0.326 0.079 
7/32 6.319 | 0.39299 | 0.218 | 0.413 0.400 0.384 0.094 
1/4 0.250 0.253 | 0.244 | 0.469 0.455 0.437 0.106 
9/32 0.281 0.285 | 0.273 | 0.528 0.511 0.491 0.119 
5/16 0.313 0.317 | 0.305 | 0.588 0.569 0.547 0.133 
11/32 0.344 0.348 | 0.336 | 0.646 0.626 0.602 | 0.146 
3/8 0.375 0.380 | 0.365 0.704 0.682 0.656 | 0.159 
13/32 0.406 0.411 0.396 0.763 0.738 0.710 0.172 
7/16 0.438 0.443 0.428 0.823 0.797 0.765 0.186 





1Calculated on nominal head height, nominal 
diameter of rivet, and 92 deg included angle, 


and extended to a sharp corner. 


2Calculated on nominal head height, nominal 
diameter of rivet, and 88 deg included angle, 


and extended to a sharp corner. 


3See introductory note, Par. 7. 

iDepth of head (H) is given for construction 
pur only. Variations in this dimension are 
controlled by the diameters (A) and (D) and 
the included angle of the head. 





AMERICAN STANDARD 
for Small Solid Rivets 


ASA Standard B18.1-1953 


1. GENERAL. The standard types of 
small solid rivets covered by this re- 
port, are designated respectively as flat 
head, countersunk head, button head, 
pan head, truss head, tinners’, coopers’ 
and belt rivets. All other types of small 
solid rivets within the limits of di- 
ameters given, are to be considered 
special 
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2. TABULAR Sizes. The diameters of 
rivets in fractions of an inch as given 
for the respective types of rivets in 
Tables 1, 2, 3, 4 and 5, and the sizes 
of rivets as given for the respective 
types in Tables 6, 7, and 8, shall be 
considered standard. Other values for 
diameters of rivets, as in Birmingham 
wire gage numbers, may be used in 


catalogs in conjunction with standard 
diameters it being recommended, how- 
ever, that the data be in such form as 
will make clear which diameters are 
standard and which are not standard. 


3. PROPORTIONS AND DIMENSIONS. 
The proportions and dimensions indi- 
cated in the tables for heads of respec- 
tive rivets shall be standard, other pro- 
portions or dimensions are to be con- 
sidered special. Where nonstandard di- 
ameters are given for rivets, the pro- 
portions of heads will follow the dia- 
grammatic proportions given in the 
respective diagrams, in terms of the 
diameter of the body. 


4. FiLLETS. Rivets, other than of the 
countersunk type, shall be acceptable 
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3—BUTTON HEAD RIVETS 


Diameter of Body, D 


Nominal Max 


065 
096 
127 
158 


1/16 
3/32 
1/8 

5/32 


S° coo 


191 
222 
253 
285 


coco oooo 


oooo 


348 | 
380 | 


oooo 
ooco 


e 
° 


— Head, 


Max 


.460 
.518 


Radius of 


Height of Head, 
H Head, r 


Min Max 


052 | 
.077 | 
100 
.124 


102 
162 
215 
268 


122 
182 | 
235 | 
.290 | 
| 


348 | | 
405 | 172 


196 | 


.379 
430 


coco S° coo 


572 
630 
684 
743 


° e 
cooo coco 9909| 


© 


Table 4—PAN HEAD RIVETS 


Diameter of Body, 
D 


Nominal 


1/16 | 0.063 | 
3/32 | 0.094 | 
1/8 | 0.125 | 
5/32 | 0.156 


3/16 
7/32 
1/4 

9/32 


0.188 | 
| 0.219 

| 0.250 | 
| 0.281 | 


0.313 
0.344 
0.375 
0.406 


5/16 
11/32 
3/8 
13/32 


7/16 | 0.438 


with fillets under the head up to 1/32 
in. radii. 


5. TOLERANCE. The tolerances on the 
nominal diameter of the shank of 
rivets other than tinners', coopers', and 
belt rivets shall be those given in the 
following table: 


Tolerances 

Body 
Diameters 
(Inclusive) 


% — | 0.002 
36-56 0.002 
Yi 0.003 


0.004 
84-14% 0.005 


Plus Minus 
0.003 
0.004 
0.006 
0.008 
0.010 


6. The tolerances given in the respec- 


Diameter of Head, 
A 


Height of Head, Radii of Head 
H 


Approx 


0.019 
0.030 
0.039 
0.049 | 
| 
| 0.159 | 
| 0.186 
0.213 
0.239 


0.052 
0.080 
0.106 
0.133 


0.059 
0.069 
0.079 
| 0.088 


0.098 
0.108 

0.118 | 
0.127 | 


0.266 
0.292 
0.319 
0.345 


0.137 | 0.372 


tive tables are those for rivets made by 
the normal cold heading process. The 
tolerance for rivets made by the hot 
heading or forging process shall be 
agreed upon between the purchaser and 
the supplier. 


7. HEADS. Because the heads of these 
rivets are not machined or trimmed, 
the circumference may be somewhat 
irregular and edges may be rounded 
or flat. 


8. PHYSICAL TESTS FOR STEEL RIVETS. 
Rivets selected at random for each size 
shall comply to the following: 

(a) Hot Test for Ductility. The 
rivets shall be heated to a red heat 
and flattened to one-fourth of their 
original diameter, then reheated and 
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All dimensions given in inches. 
Approximate Proportions: 
A =1.750 XD; H =0.750 XD; r =0.885 XD 
Length tolerance for rivets shall be plus or minus 
Lá in. 


All dimensions given in inches. 
— Propor tions 
=1.720 XD; H =0.570 XD; ri; 
re =0.850 XD; rs =3.430 XD 
Length tolerance for rivets shall be plus or minus 
4 in. 


20.314 xD 


bent through 180 deg flat on them 
selves and shall show no signs oí 
cracks, flaws, or any other defects 

(b) Hardness Test. Rivets shall 
show a maximum Rockwell hardness 
number of B6O as measured on the 
side of the shank of the rivet. 

Rivets may be made from other ma- 
terials such as copper, brass, aluminum, 
etc., and physical tests on such ma 
terials shall be agreed upon between 
the purchaser and supplier. 


9. FintsH. The finished rivets shall be 
free from injurious defects 


Editor's Note: — This standard was 
jointly sponsored by the American So- 
ciety of Mechanical Engineers and the 
Society of Automotive Engineers. 
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Table 5—TRUSS HEAD OR WAGON BOX RIVETS 


——r o - 
Diameter of Head, | Height of Head, | Radius of 
H 


Diameter of Body, D | Head, r 


Nominal Max i | i Min | Approx 


3/32 | 096 | 
1/8 i .127 

5/32 , .158 | 
3/16 | | 191 | 


026 
036 
045 
055 


239 
314 
.392 
470 


° O oo 


066 
075 
085 
095 


222 
.253 
285 
317 


.555 
628 
706 
784 


° ooo ocooo 


348 


All dimensions given in inches. 380 
Approximate Proportions: / 411 
A =2.300 XD; H =0.330 XD; r =2.512 XD / 443 
Length tolerance for rivets shall be plus or / 
minus Lá in. 


104 | 
115 
123 | 
135 | 


.862 
942 
028 
098 


M = O O coc co 


° Oo oo 


Table 6—TINNERS' RIVETS 


Diameter of Body, 
D 


Size No. Max Min 
0.081 0.075 
0.091 0.085 
0.097 0.091 
0.107 | 0.101 
0.111 0.105 


0.113 0.107 
0.122 0.116 
0.132 0.126 
0.136 | 0.130 
0.146 0.140 


0.150 0.144 
0.163 0.154 
0.168 0.159 
0.179 0.170 
0.190 0.181 


0.206 0.197 
0.223 | 0.214 
0.227 0.218 
0.241 0.232 
0.241 | 0.232 





0.263 | 0.251 


0.288 0.276 
All dimensions given in inches. 0.304 0.292 


Size numbers refer to the approximate weight of 0.347 0.335 
1000 rivets 


Table 7—COOPERS' RIVETS 


Diameter Height Point | Diam - 
Diameter of Body, of Head, of Head, Length, eter, | Length, 
D A H Bi L 


| 


Max Min Max | Min Max Min | Nom Nom | Nom Max 


| Min 


0.111 0.105 0.291 0.271 0.045 0.031 Not Pointed 0.226 0.249 | 0.219 

0.122 | 0.116 | 0.324 0.302 0.050 | 0.036 Not Pointed 0.262 | 0.285 | 0.255 

0.132 | 0.126 | 0.324 0.302 0.050 | 0.036 Not Pointed 0.262 | 0.285 | 0.255 

0.136 | 0.130 | 0.324 0.302 | 0.052 | 0.034 Not Pointed 0.293 0.318 | 0.284 

0.142 0.136 | 0.355 0.333 | 0.056 | 0.038 Not Pointed 0.297 | 0.322 | 0.288 
| | 


0.168 | 0.159 | 0.388 | 0.362 | 0.058 | 0.040 | 1/16 | 0.130 | 0.393 | 0.418 | 0.388 
0.183 | 0.174 | 0.419 | 0.393 | 0.063 | 0.045 | 1/16 | 0.144 | 0.429 | 0.454 | 0.420 
0.206 | 0.197 | 0.482 | 0.456 | 0.073 | 0.051 | 3/32 | 0.160 | 0.468 | 0.498 | 0.457 
0.223 | 0.214 | 0.513 | 0.487 | 0.076 | 0.054 | 3/32 | 0.175 | 0.534 | 0.561 0.523 


| 0.241 | 0.232 | 0.546 | 0.516 | 0.081 0.059 
0.248 | 0.239 | 0.578 | 0.548 | 0.085 | 0.063 
0.253 | 0.244 | 0.578 | 0.548 | 0.085 | 0.063 
0.263 | 0.251 | 0.580 | 0.546 | 0.086 | 0.060 | 

| 0.275 | 0.263 | 0.611 0.577 | 0.091 0.065 


| 
| 

0.158 | 0.152 | 0.386 | 0.364 | 0.058 | 0.040 | 1/16 | 0.123 | 0.362 | 0.387 | 0.353 
| 


32 | 0.182 | 0.570 | 0.597 | 0.559 
0.197 | 0.574 | 0.601 0.563 

| 0.197 | 0.605 | 0.632 | 0.594 

| 0.214 | 0.604 | 0.633 | 0.575 
0.223 | 0.641 0.670 | 0.612 


— — — G wwwww 


0.285 | 0.273 0.611 0.577 | 0.089 0.063 

0.285 | 0.273 | 0.642 0.608 | 0.108 | 0.082 

All dimensions given in inches. 0.316 | 0.304 0.705 0.671 0.128 | 0.102 

a s refer to the epproximate weight of 3/8 | 0.380 | 0.365 0.800 | 0.762 | 0.136 | 0.106 
rivets. | 


0.223 0.670 | 0.699 | 0.641 
0.230 | 0.720 | 0.749 | 0.691 
| 0.250 | 0.730 | 0.769 | 0.711 
| 0.312 | 0.809 | 0.840 | 0.778 
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Table 8—BELT RIVETS 


Dm ed Body, Diameter of Head, 
A 


Size No. | 


14 
13 
12 
11 
10 





o popopo cocco 
o ooooo ocococco 
o poopoo cocco 
o opoopo oocco 
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| 
Height of Head, | 


Point 


Diameter | a 
dial end 


Max Min 


Nom 


065 
073 
083 
.097 
109 


.051 


135 


° ooooo ooooo 
e ooooo ooooo 
° Sc ooo Sc ooo 


All dimensions 
Size number refers to the Stubs iron wire gage 
number of the stock used ir the body of the rivet. 
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iven in inches. 


Length tolerance on rivets shall be plus Á in 
and minus 0 in. 


ASA B27.2—1953 


American Standard for Plain 


Washers 


GENERAL. Plain washers covered by this 
specification are intended for general indus- 
trial applications. 


MATERIAL. Plain washers shall be made of 
ferrous or non-ferrous metal, plastic, etc., as 


specified. 


Inside | Outside 
Di Dia. 


Thickness, C 


Gage Nom 
25 | 0.020 
25 | 0.020 
25 
24 
21 


20 
18 
18 
18 











THICKNESS. Reflecting long established trade 
practice the nominal thicknesses of washers 
are Birmingham gage sizes. The limits speci 
fied represent a tolerance of plus or minus 
one gage or the spread from the minimum of 
one gage minus to the maximum of one gage 


plus. 


DEFECTS. Washers must be free from burrs, 
loose scale, sharp edges and all other defects 
that might affect their serviceability. 


Thickness, C 


| 


Gage | Nom Max | 
0.104 | 
0.104 

0.104 
0.080 | 
0.104 | 


0.104 
0.104 
0.121 | 
0.132 
0.132 


0.132 


14 | 0.083 
14 | 0.083 
14 | 0.083 
16 | 0.065 
14 | 0.083 


| 0.083 





0.121 
0.132 
0.132 
0.160 


0.121 
0.160 
0.160 
0.192 
0.160 


0.148 | 0.177 
0.148 | 0.177 | 
0.165 | 0.192 | 
0.134 | 0.160 | 
0.165 | 0.192 








0.165 
0.134 








0.165 | 0.192 | 
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Inside | Gutside| 


See note 


NOTE: Tolerance +0.005 on in- 
side diameter to and including 
7/32 inside diameter; +0.010 on 
inside diameter greater than 7/32 
with exception of two l4 x 9/16 
sizes marked with an asterisk on 
which the tolerance is 230.005. 


Thickness, C 


Nom Max Min 
0.180 | 0.213 | 

| 0.134 | 0.160 | 

| 0.165 | 0.192 

0.165 | 0.192 

0.238 | 0.280 


0.165 
0.165 
0.165 | 
0.165 
| 0.180 


0.192 
0.192 | 
0.192 
0.192 
0.213 | 


4 O0 Oo O0 00 


| 0.213 | 
0.213 
0.213 
0.213 | 
0.213 


0.180 
0.180 
0.180 
0.180 
0.180 








vuus 


0.213 
0.213 
| 0.213 | 
0.213 
0.213 


0.180 
| 0.180 
0.180 
0.180 
| 0.180 


yyy MI 


| 0.180 
| 0.220 
0.238 | 0.280 
0.259 | 0.310 | 
0.284 | 0.327 | 


0.213 
0.248 
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] Offset integral lugs, formed either on the 
* outside edge of the die casting or within an 
internal recess, are so placed that no moving 
core is required. The screw hole can always be 
cored. For effective use of offset lugs, thickness 
of material is held to close a tolerance (plus 
0.000, minus 0.010 in.) for rigidity of attach- 
ment. Where thickness is likely to vary, cored 
hole in lug can be tapped for a set-screw. 


4 Integral stud is used with speed-clip which 
» has bowed spring members to hold trim in 
place. With (A), stud must have shoulder 
(about 0.010 in.) to locate the clip which is 
pushed over stud before assembly. In (B), a 
collar prevents clip from passing through hole. 
Clip is inserted first; the stud (on trim) is 
pushed into it. Curved segments at rear of clip 
bite into the stud and prevent it from drawing 
out. The final position on the stud is not critical. 


7 Extended speed clip with two punched 
s holes is attached by integral rivets to the 
underside of the trim and is forced over a stud 
projecting from the main part of the assembly, 
After being pushed over the stud, trim is given 
a quarter turn to tighten down the clip. This is 
advantageous only when rear of assembly is 
inaccessible, and service is not severe. If the 
trim is circular, the stud can be threaded. 
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2 Small offset lug overhanging the bead 
« can be used for attaching trim to rolled 
edges. Lug can either be formed to drop 
over the edge of the bead and then pressed 
to retain it as in sketch (A), or it can be 
formed to hold the bead as illustrated in 
(B). The latter is only practicable when 
the trim piece can be slid into position 
from one end of the rolled edge. 


5 Hollow expandable studs, cast integral 
s» with trim, engage holes punched in the 
sheet metal as shown. A bullet-nosed punch 
is forced through the die casting, expand- 
ing the cored hole to lock the trim in place. 
The initial clearance between stud and 
punched hole diameters should not be 
greater than 0.008 inches. Applications are 
restricted to assemblies where the cored 
holes in the trim are desirable. 


8 Integral stud and speed clip is widely 
» used in the automobile and appliance 
fields. This method permits quick manual 
assembly. Speed clips can be made, and are 
also commercially available, in almost any 
shape to suit specific requirements and ap- 
plications; the type illustrated here is use- 
ful when the rear of the assembly is ac- 
cessible and clear of other components. 
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3 Flat integral lugs are applicable where the trim ex- 
» tends beyond the edge of the part to which it is at- 
tached. It is not usually economical to core the holes in 
the lugs; they can be drilled or punched if the lug is 
0.080 in. or less in thickness. These lugs can be used for 
attaching trim to wood, fiber, or molded plastic, and sheet 
metal (with a bolt and nut) if part is formed to a box 
section as in small sketch. This method is commonly used 
for display stands and vending machines. 


(8) 


5 Integral, riveted stud is one of the most widely appli- 
= cable fastening methods. When the thickness of the 
material is not less than the diameter of the stud, it can 
be peened as shown. If the material is thin, a washer, (C) 
and (D), is recommended, since short studs are severely 
stressed by heading. It is always advisable to specify a 
filleted channel around studs, to reduce stress concentra- 
tion. Hard fiber washers can be used where vibration 
might cause chatter. Small pieces of trim held by a single 
stud need some means of preventing rotation like a stud. 


9 Tee shaped lugs for locating trim at the junction of 
= two structural elements of an assembly are cast on the 
underside of the trim. These lugs are located between the 
two parts and, by twisting through 90 deg, are wedged as 
shown. Width of lug should be twice. the thickness, and 
length of the portion subject to twisting at least four times 
the width. This method is only economical when the lugs 


can be formed in the parting-plane of the die casting die. 
(continued on next page) 
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10 Rectangular lugs, projecting from the rear 
« of the trim, pass through a square punched 
hole in the casting and are peened in place. This 
gives a sturdy assembly and is preferred to riveted 
round studs that project from the surface and are 
susceptible to failure or damage by accidental im- 
pact. For small pieces, a single pair of lugs usually 
suffices; the square holes prevent rotation. 


23 Ways to Attach Small Die Cast Parts (continued 


n Trim strips covering joints of sheets at right 
= angles give support in addition to their dec- 
orative function. Inserted threaded studs, used with 
rigid steel clips and/or speed nuts, provide a sim- 
ple; reliable attachment. Edge of sheet must be 
turned-in to engage clip. For filler trim, left, speed 
nut separate from clip is necessary; for bead trim, 
right, single clip is usually satisfactory. 
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l 4 Round wire staples, cast 
« as inserts, will hold thin- 
section insignia securely to al- 
most any sheet materials. Holes 
should be pre-punched. Staples 
are clinched against filleted 
anvils. For trim of exception- 
ally thin sections, points of 
staple protrusion should be 
strengthened, left, the pips so 
formed are forced into the 
surface of the sheet if it is 
deformable. If not, dimples can 
be used if holes are punched. 


15 Rubber grommet stretch- 
» ed over button is a sim- 
ple, but effective means for 
fastening small insignia located 
in recesses on the face of a 
sheet-metal housing. The rear 
of the die casting has a head 
that projects through a punch- 
ed hole in the sheet; thick rub- 
ber ring slips over this between 
the projecting head and the 
edge of the sheet. The assem- 
bly is vibration proof and will 
keep insignia from rotating. 
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1 b Screwthread insert and 
» rubber nut can be used 
instead of speed nut for light 
duty. Standard machine screws 
can be used as inserts. These 
pass through punched holes in 
the main assembly, and are se- 
cured by forcing short lengths 
of extruded synthetic rubber 
sheathing over the ends. If the 
sheath is forced down until it 
doubles upon itself, as shown 
in the above sketch, the assem- 
bly will be vibration-resistant. 
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12 Long trim strips can be fastened with headed 
s studs which enter key-holes punched in the 
sheet; after inserting, the whole strip is displaced 
about 3/16 in. to lock the heads under the narrow 
portions of the holes. A screw can then be added 
to prevent any further movement of the trim ele- 
ment. The heads of the studs are skewed to give a 
wedging action. 


Die cast ring, which pro- ] m Flat spring loop engages 
] . a cored lug that projects 


. tects electrical leads from 
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13 Bifurcated rivets can be cast in die casting, 
» and in some applications are better than 
loose rivets for attaching small parts to fiber-board 
and similar materials. These fasteners are particu- 
larly suitable to heavy baggage items, display cases, 
and the like. Locks, hinges and protective ribs can 
also be attached. For added security, a washer can 
be placed over each rivet before clinching. 


] Cover for rectangular, 
. sheet metal tube. Ends of 


damage, is held in place with a 
snap ring. Groove for ring can 
be cast but a collet die will be 
required to avoid tlash-lines on 
the exposed surfaces. Trim- 
ming will also be necessary to 
make certain that the ring will 
seat securely throughout its 
length. As a result of these re- 
quirements, the manufacturing 
costs may be prohibitive for 
many types of applications. 


from the back of the trim and 
passes between adjoining metal 
sheets or, as shown, through a 
punched rectangular hole. This 
method is primarily for appli- 
cations where the trim strips 
are located on each side of a 
removable panel, but with rear 
aceess. It is well adapted to 
machines where front access is 
essential for servicing, but the 
rear should be protected. 
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tube are notched. Inside of 
cover has a pair of studs cast 
between two narrow curved 
ribs. When die casting is 
pushed over end of tube, the 
two notched lugs are forced to 
follow curve of ribs until they 
engage the two studs; both fit- 
tings are assembled simultane- 
ously. Method is suitable for 
medium and large size tubing. 

(continued on next page) 





23 Ways to Attach Small Die Cast Parts (continued ) 
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20 Simple cover suitable only to elastic materi- 
s als, such as steel or brass. Ends of the tube 
are cut, sheared, and turned inward at an angle 
of 10-12 deg as shown. Die cast cover has a pro- 
jecting lug of rectangular section; when cover is 
forced on, the lug passes between the turned-in 
tangs and presses them inward, resulting in a 
spring locking force. 


22 Deformable lugs can be used to hold die 
s castings that are to be mounted on a grille 
or part with cylindrical elements. Lugs are bent 
around the rod as shown. When two lugs are used, 
the shape of the recess between them should con- 
form to that of the rods (if the latter, as is likely, 
are non-circular in section). If trim is large, at- 
tachment to vertical and horizontal rods should be 
made by separate pairs of lugs. Small insignia can 
be located at an intersection using forked lugs. 


21 Diecast trim is provided with rod inserts 
a having spherical ends. Rods engage spring 
clips of snap-button type located on the main as- 
sembly. Clips consist of a spring wire loop with 
reverse bends held in a stamped retainer. Latter 
may have projecting lugs (A), or a plain hollow 
ring (B), that is held by lugs formed on main as- 
sembly. (B), trim is readily removed and replaced. 
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23 Integral studs and wedging speed clip pass 
s through punched holes in the bodywork. The 
speed clip, which is more curved than usual, has 
extended, fork-shaped end as shown in the auxil- 
iary view, the slots being slightly tapered and, at 
their outer ends, wide enough to engage the two 
shorter studs on the trim. Clip can be pushed over 
the central stud with the forked ends partially en- 
gaging the outer studs. When the clip is engaged, 
as illustrated in (B), the ends are held rigidly. 
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G FASTENING AND JOINING 


Adhesive Bonded Joints 


Considerable advancement in the design of lightweight aircraft 
structures has been made through the use of metal-to-metal bond- 
ing. As these structures must have sufficient reserve strength to 
withstand extreme operating temperatures, joint stresses must be 
carefullyanalyzed. The method described herein simplifies this task. 


WILLIAM C. BRODING 


Chance Vought Aircraft Division 
United Aircraft Corporation 


CURRENT DEVELOPMENTS in the field 
of sandwich constructions center 
around the combination of metal fac- 
ings bonded to a light-weight core, 
and the use of bonding for adding 
elements to increase the stiffness and 
local strength of sheet metal panels. 
The increasing application of these 
bonded constructions necessitated 
criteria for determining safe design 
allowable joint strengths, as well as 
means for evaluating adhesives and 
controlling their quality in production. 

For structural analysis, most joints 
in a bonded structure can be reduced 
to that of an equivalent simple lap 
joint, Fig. 1 (A). At first it would ap- 
pear that an increase in overlap length, 
l, would give a direct increase in joint 
strength. But, instead of being constant 
along the length of the joint, the shear 
stress varies in the manner shown in 


Fig. 2 (A). The effect of doubling 
the overlap length, assuming the 
length for maximum strength has been 
reached, is shown in Fig. 2 (B) where 
the average stress is half that shown 
in Fig. 2 (A) and the maximum stress 
is constant. 

From these characteristics is derived 
the stress concentration factor, which 
is the ratio of the maximum to average 
stress. If the value of this factor is 
known and the ultimate shear strength 
of the bond established, the strength of 
the joint can be obtained. 

As structural lap joints are usually 
supported so that the peeling tensile 
stresses in the bond are small, only 
shear stresses need be considered. To 
develop a basic relationship for shear 
concentrations in a lap joint supported 
so that it will not aš consider a 
joint consisting of two identical metal 
strips of thickness ¢, unit width and 
overlap length / bonded with an ad- 
nesive film of thickness ¢,. An axial 
tension load P is applied to the ends 
of the joint and the bond assumed to 
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deform so that the shearing strain in 
the bond is constant through the thick- 
ness of the bond. By determining the 
shear strains in the adhesive and metal, 
where 


E = Young’s modulus of sheet 
e 7 Young's modulus of adhesive 
G, = adhesive shear modulus 
fs maz = Maximum adhesive shear stress 
+ avg = average adhesive shear stress 
+ = tensile stress in bond 
. = tensile stress in sheet 
and 


Hu H H H H 


(1/K)* » 1G,/2 Et, 


the stress concentration factor can be 
written (Chance Vought Report No. 
7441) as follows: 


fames 1. 1 
= — coth — (1) 
4 aeg K K 


The extensional strains in the joint 
produce tensile stresses in the bond 
along the length of the joint. When 
the axial stress is in the elastic range, 
these stresses have the maximum value 


S, = (E,/E)S, 


If the metal starts to stretch plastically 
before the joint fails in shear, these 
tensile stresses in the adhesive will 
increase rapidly and may cause the 
joint to fail. In normal use, however, 
this tensile stress is sufficiently small 
to be ignored and the shear strength 
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Sedux E liquid supplied by Rohm 
and Haas Co. & Formvar 15795 
E powder. Aluminum alloy cleaned 
in sodium dichromate - sulphuric 
acid bath; bonded in autoclave 

at 260-280 F glue line 


temperature under 60-80 psi 
b for 45-60 minutes 


of the adhesive is considered the 
criterion of strength. 

Noting the equation for stress con- 
centration factor, two types of infor- 
mation must be known when evaluat- 
ing joint strength: (1) the geometry 
of the joint expressed by the parameter 
l/V/t, and (2) the characteristics of 
the bond layer expressed by 7,, G, and 
feae. The effect of the variations 
in joint geometry or adhesive proper- 
ties on joint behavior can also be 
evaluated from the equation for stress 
concentration. This equation is based 
on the fact that an increase in lap 
length does not necessarily increase 
joint strength. In addition, it shows 
that an increase in adhesive rigidity 
without an accompanying increase in 
local adhesive shear strength decreases 
joint strength. 

This behavior is in accord with that 
of certain adhesives at low tempera- 
tures. Since thickness and rigidity 
of the bond tly influence joint 
strength, a production process assuring 
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uniform bond properties must be estab- 
lished before design strengths can 
safely be used. Also, it is not possible 
to make direct comparisons of ad- 
hesive strengths when tests are made 
on lap joints having different geo- 
metries, unless the thickness and the 
shear modulus of the bond layer of each 
joint specimen are known. 

Occasionally lap joints are loaded 
in shear, as in the skin splice of a 
torque box. Stress concentration cri- 
teria for joints loaded in tension can 
be converted to shear conditions by 
substituting the sheet modulus of 
rigidity G for the modulus of elas- 
ticity E. The following relationship 
is used for comparing the stresses in 
joints loaded in shear with those in 
tension: Adhesive shear stress for 
joint loaded in shear equals adhesive 
shear stress for joint loaded in ten- 
sion times /G/E. Values thus ob- 
tained will be conservative because the 
tearing stresses that occur in lap joints 
tested in tension are not present. 
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Establishing Design Criteria by 
Laboratory Tests : 


In the selection of a standard test 
specimen for evaluating adhesive 
strength, structural joints should be 
approximated. Though a double lap 
joint, Fig. 1(B), would eliminate 
bending of the joint, a simple lap 
joint is specified for experimental 
evaluation because of its greater usage. 
A standard specimen consists of two 
identical strips 1.0 in. wide and 6.0 
in. long which are overlapped 1.0 in., 
bonded according to production meth- 
ods and tested in tension. Although 
the joint is unsupported so that the 
bond is subjected to tearing stresses 
caused by local bending, the ultimate 
load carried by the joint is assumed 
to be pure shear. This conservative 
assumption is made for the sake of 
simplicity. 

For establishing design strength 
values, laboratory tests are made in 
which lap length and sheet thickness 
are varied and processing details kept 
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constant. A statistical analysis is made 
of the test data and minimum strength 
values corresponding to reliability 
values are computed for each value of 


l/ Vt. Typical design charts obtained 
in this manner are shown in Fig. 3 
for Redux E adhesive. 

If every joint could be reduced to 
an equivalent simple lap joint, the 
curves of Fig. 3 would suffice for de- 
sign use. However, some joints do 
not lend themselves to this treatment. 
In such cases, the expected joint 
strength can be calculated from an 
equation similar to the stress concen- 
tration Eq. (1). The maximum allow- 
able shear stress, shear modulus and 
bond thickness of the adhesive layer 
must be known. These data can be 
obtained from tests made to establish 
the design curves for simple lap joints, 
with the addition of a measurement for 
bond thickness in the specimens. 

The maximum allowable shear 
stress could easily be obtained if it 
were possible to test a lap joint hav- 
ing a uniform distribution of shear 
stress (lap length approaching zero). 
A plot of average shear stress versus 
lap length is therefore made so that 
the maximum allowable shear stress of 
the adhesive can be obtained by ex- 
trapolation to zero lap length. A re- 
liable value can be obtained by plot- 
ting a family of curves for various 
sheet thicknesses. This group of 
curves should have a common stress 


coordinate intercept, which can be 
determined by fitting curves to the 
data by the method of least squares. 
Fig. 4 shows a typical curve obtained 
by this method, while Fig. 5 gives the 
results of determinations for maxi- 
mum shear stress at various tempera- 
tures. 

From Eq. (1), for the stress con- 
centration factor, the factor K can be 
computed for known values of maxi- 
mum and average shear stress. If K 


is plotted versus values of \/ ##,/l, the 


value of V/G,/2bE can be found by 
measuring the slope of a straight line 
that best fits the data by the method 
of least squares. In this manner, an 
effective value of adhesive shear mod- 
ulus is obtained, as typified in Fig. 6. 
The value of f,44, and G given in 
Figs. 5 and 6 can be substituted in 
the equation for the shear stress con- 
centration factor and design strengths 
thereby obtained. 


Use of Design Curves 


Assume a simple lap joint is to be 
checked for strength at —60 F: 


t = 0.016 in. 
l = 0.6 in. 
P = 400 Ib per inch of sheet width 


then the parameter is 


Ut - 


From Fig. 3, the allowable average 
bond stress is found to be approxi- 


0.6/4/0.016 = 4.75 
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mately 670 psi, the allowable load per 
inch of sheet widik t then is 


P = 670 X 0.6 = 402 lb 


which indicates that the joint will 
safely withstand the anticipated load. 


Applications of Bonded 
Construction 


Typical Metalite joints are shown 
in Fig. 7. The internal doubler on 
the outer face provides the necessary 
thickness for countersinking and a 
similar doubler on the inner face fur- 
nishes greater bearing thickness. The 
external doubler has sufficient mate- 
rial to take large local edge loads such 
as those along the wing main spar. In 
determining the strength of a Metalite 
panel, the strengths of the various 
local metal-to-metal bonded joints at 
the panel edge are as important as 
the strength of the sandwich core. 

In the use of magnesium parts for 
Navy fighter aircraft, corrosive en- 
vironment is the most important fac- 
tor. It was found that spotwelded 
magnesium parts were subject to cor- 
rosion because faying surfaces were 
not protected. The only alternative 
was to use a method by which dou- 
blers, reinforcements and stiffeners 
have continuous, protected attachment 
to skin panels and fairings. Adhesive 
bonding became the answer. As shown 
in Fig. 8, not only are faying surfaces 
sealed, but cleaner structures result. 














Fig. 1—Latch made from screw 
stoek . A knurled knob is pinned 
to relieved portion of screw. 



















From Modern Machine Shop 


Screw-Type Latches 


Fig. 2—Modified socket head 
cap screw with an O-ring to pre- 
vent screw from leaving cover. 


Fig. 4 (Left)—Hexagon 
head cap screw used for a 
latch. Retainer is a coiled 
wire screwed over threads. 


Fig. 5 (Right)—A sepa- 
rate retainer is not requir- 
ed in this design. Cover 
hole is tapped and screw 
body is relieved. 


Numerous designs and suggestions for screw-type latches. 


These latches are grouped into two classes: Those for heavy 


doors and covers, which are usually made of cast iron; and 


those for the lighter doors and covers made of sheet metal. 


FRED ROGERS 


SOME TYPE OF LATCH is usually ap- 
plied to doors and cuvers that close off 
openings in machine beds and frames. 
Such doors are used to exclude dust, 
dirt, water, coolant and oil from com- 
partments that contain tools; gear, belt, 
chain, and sprocket drives; and coolant, 
lubricant or hydraulic oil sumps. 
Latches are also used, of course, on 
sheet metal work cabinets and electric 
control panel cabinets. 

To obtain a tight joint, the faces of 
cast iron doors or covers and the con- 
tacting surface of the pads around the 
bed openings are either milled, planed, 
or surface ground, Figs. 1 to 7. In sheet 
metal construction, Figs. 8 to 11, felt 
or rubber strips are often cemented to 
the outer edge areas of the door. 

Included in the many designs of 
latches employed to lock or fasten 
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doors and covers are the screw types, 
sliding bolts, spring biased bolts, hook 
bolts, eccentric cams, spring backed 
detents, and flat or humped springs. 

Screw-type latches have an advan- 
tage in that any number of them can 
be used around the edge of a door or 
cover whether it is hinged or not. 
Placed at intervals, they will maintain 
a uniformly tight joint between the 
cover and the machine frame. They are 
simple in construction and usually in- 
expensive. For quick opening and clos- 
ing without tools, they can be fitted 
with knobs or handles. They can be of 
the flush head streamlined type, or of 
the protruding screw head type, that is 
loosened by a wrench or a screw driver. 

Probably the most important advan- 
tage of the screw latch is that it is al- 
most impossible to lose or misplace the 
screws since, after loosening, they hang 
or dangle in the cover holes. 























Fig. 3—Latch where boss or 
door contacts a mating piece. 
Retainer is a split wire ring. 






j T: 
mu 


for 


Screw-type latches, generally, can be 
divided into two classes—those for the 
heavier type of door or cover usually 
made of cast iron, and those for the 
lighter variety of door made of sheet 
metal. 


Latches for Heavy Types 
of Doors and Covers 


The latch shown in Fig. 1 is a piece 
of screw stock with threads lek on 
one end and the remainder turned 
down to approximately the root di- 
ameter of the thread. The unthreaded 
portion or body is a loose fit in the 
drilled and reamed hole in the cover. 
Depending upon the length of the 
hole bearing, a hole not more than 
0.004 to 0.005 in. greater than the 
screw body will prevent the screw tilt- 
ing excessively when completely with- 
drawn. After assembly, the knurled 
knob is fastened to the screw body 
with a taper pin. 

To prevent the screw threads jam- 
ming against the cover as the latch is 
being loosened, the unthreaded body 
length between the inside of the cover 
when closed and the machine frame 
should be %e to 1 in. greater than 
the length of thread engagement. 
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Fig. 6—Methods of locating or centering long screws. — 
(A) Serew is pointed to a 60 deg angle. — (B) Threaded 


hole in machine part is countersunk to guide screw. 


Fig. 7—Method of retain- 
ing the screw with a pin 
when the latch is near the 
edges of a cover or a door. 


Doors and Covers 


The threaded hole in the machine 
frame is usually a very free fit; the 
coarser the threads, the fewer the turns 
necessary to free the latch. Engagement 
and screwing-in are facilitated when 
the first threads of both the screw and 
the tapped hole are relieved of any 
featheredge. 

A modified commercial socket 
head cap screw is used in the design 
shown in Fig. 2. Such screws, although 
toughened by heat-treatment, can be 
turned with a tool or ground. Since 
standard screws of this type are thread- 
ed nearly to the head, the screw is 
modified by removing the threads be- 
tween the head and the machine pad, 
reducing the body diameter, and cut- 
ting a recess groove in the body ad- 
jacent to the threads. 

After the screw is entered in the 
cover, an O-ring, made of an oil resist- 
ing rubber compound, is forced over 
the threads and positioned in the re- 
cess groove. The outside diameter of 
the O-ring need be only slightly larger 
than the body size hole in the cover to 
hold the screw in the cover when dis- 
engaged. 

In Table I are given the dimensions 
and designations of several sizes of 


standard O-rings that are applicable to 
screw-type latches. 

Standardized O-rings are available 
from suppliers' stock in the dimensions 
and designations given in Table I. The 
column headed by "Dash No." indi- 
cates how these rings are specified and 
ordered. The table includes only the 
small sizes that are applicable to screw- 
type latches; many more sizes than 
those listed are available. 

In the designs of Figs. 1 and 2, the 
tapped boss is recessed below the fin- 
ished surface against which the door 
rests. As a result, the screw will dangle 
when loosened because of the short 
length of hole under the counterbored 
hole and its larger diameter. 

When the door, or the boss on the 
door that accommodates the screw, 
must contact the mating piece as 
shown in Fig. 3, a split wire ring can 
be used to retain the screw. The wire 
ring is so proportioned that it hugs 
the wall of the counterbored hole, 
while the inside diameter of the ring 
is large enough to pass over the screw 
threads freely. Such wire rings can be 
made from coil springs by cutting or 
grinding off a turn of wire and then 
flattening it. The length of the body 
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Table I—Synthetic Rubber 
“O” Rings 


Size of 

Round 
Outside Inside Section, 
Dia., In. | Dia., In. | In. | 


Dash 
No. 


size drilled hole in the boss should be 
long enough to receive the threaded 
length of screw when disengaged. 

In the design shown in Fig. 4 a 
hexagon head cap screw is used for 
the latch. It is assembled with the 
cover and a single coil of wire is 
either snapped over or screwed over 
the threads as desired to the correct 
position. The screw threads and body 
of the screw are not turned down as 
in the foregoing designs. The door is 
spot counterbored for the collar under 
the hexagon head, the latter also being 
slotted across the flats so that either 
a wrench or a screw driver can be 
used for loosening and tightening. As 
in the design shown in Fig. 1, the 
screw will remain parallel with the 
hole if the clearance over the screw is 
not too great. 

Another method of keeping the 
screw in place when the cover is 
opened or removed is shown in Fig. 5. 
The screw body is relieved as in Figs. 
1, 2 and 3, but a separate retainer is 
not required. The hole in the cover di- 
rectly beneath the counterbored hole is 
tapped. To assemble, the screw is 
threaded through this hole until the 
threads on the screw run past the 
threads in the cover. If the cover con- 
tacts the other piece as shown, a coun- 
terdrilled hole barely larger than the 
diameter of the threads will provide a 
cavity for the screw threads to run 
out into when the door is being 
opened, but not through the threaded 
hole in the cover. 

If the tapped hole in the machine 
frame is of some distance from the 
door and a long screw is necessary, 
it may be difficult to locate the screw 
hole with the end of the screw be- 
cause of the freedom of the screw 
body in the cover hole. In Figs. 6(A) 
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Fig. 8—(A) Screw type latch for 
fastening sheet metal doors or cov- 
ers. (B) Cross section through x-x. 


in 
D 


Fig. 9—(A) Retainer has a 
semi-circular opening that 
fits over screw body. — (B) 
Cross section through x-x. 


) 

Fig. 10— (A) Screw retainer on the 
outside of a sheet steel cover. — 
(B) Cross section through x-x. 


Fig. 11—Several simple methods of retaining latch screws. — (A) Thin 
washer screwed on threads. — (B) Washer screwed over threads into a relief 
groove. — (C) Truarc retaining ring snapped into a relief groove. — (D) 
Cotter pin with ends spread. — (E) Formed wire clip placed in a groove. 


and (B) are shown two ways of over- 
coming this difficulty. In Fig. 6(A) 
che screw is pointed to a 60 deg in- 
cluded angle to lead the threads on 
the screw into the tapped hole. In Fig. 
6(B) the threaded hole is generously 
countersunk. Although the hole in the 
cover has been tapped and counter- 
bored in this example, these methods 
are applicable to other designs. 

A method of retaining the screw 
with a pin when the latch is near the 
edges of the cover is shown in Fig. 7 
The body of the screw is relieved. 
Either a straight or tapered pin is 
driven in a reamed hole at such a posi- 
tion that the threads on the screw leave 
the tapped hole before they contact 
the pin. There is a disadvantage of 
driving in the pin in that it must be 
drilled out if the need for its removal 
arises. In place of the pin, a long dog- 
pointed headless set screw can be used 
but it must be jammed against the 
bottom of hole or the threads must jam 
to stop vibration loosening the screw. 


Latches for Sheet Metal 
Types of Doors and Covers 


A screw-type latch for fastening 
sheet metal doors or covers is shown 
in Figs. 8(A) and (B). The socket 
head cap screw is reduced in the body 
as in some of the other sketches. The 
door is drilled so that the screw threads 
can pass through freely. The head of 
the screw rests against the cover. A 
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thin piece of sheet metal, preferably 
spring steel, as shown in Fig. 8(B), 
is riveted to the inside of the door and 
just touches the body of the screw. 
With this interference on but one side 
of the screw, it can be screwed into 
the cover readily; however, the screw 
will not fall out when the cover is 
opened. 

In the similar arrangement shown 
in Figs. 9(A) and (B), the spring 
steel retainer has a semi-circular open- 
ing as shown in Fig. 9(B), which fits 
over the screw body for half its cir- 
cumference with a small clearance. 
The clearance should be great enough 
to permit the retainer to pass between 
the vee groove of the thread. When 
the retainer is once is place, however, 
the screw will not fall out. 

In both Figs. 8 and 9 the screw re- 
tainer is on the inside of the cover. 
When the cover is against the mating 
piece, a retainer as shown in Figs. 
10(A) and (B) can be spot welded 
on the outside of the cover. The mat- 
ing piece is counterdrilled to accom- 
modate the screw threads. The finer 
the screw threads, the thinner should 
be the retainer. Swedish spring steel or 
American blued spring steel 0.005 to 
0.015 in. thick has been used for the 
three retainers shown in Figs. 8, 9, 
and 10. 

Round thin washers, Figs. 11(A) 
and (B), can be used to retain screws. 
In Fig. 11(A), the washer is simply 


screwed on the threads of the latch 
screw; however, it will follow the 
helix angle of the screw and hit the 
cover at but one place as shown. The 
washer shown in Fig. 11(B) is 
screwed over the threads and into the 
relief groove and stays perpendicular 
to the axis of the screw. 

The retainer shown in Fig. 11(C) 
is a Truarc external retaining ring that 
fits a groove similar to the one shown 
in Fig. 11(B). The screw is threaded 
through the spread ring. When the 
spreading tool is released, the ring 
hugs the bottom of the groove. 

A cotter pin inserted through a 
drilled hole in the screw is shown in 
Fig. 11(D). The head and the two 
spread ends act as a retainer. In Fig. 
11(E) a formed wire clip placed in a 
groove of the latch screw serves as a 
retainer, the head and tails of the clip 
offer a larger contact surface than does 
the cotter pin. 

If they can be obtained with the re- 
quired type of head, screws with 
rolled threads can be used equally as 
well as the screw types shown. The 
wire used to make rolled thread screws 
is usually about the same diameter as 
the root of the thread. The head is up- 
set and the threads are rolled to their 
proper diameter above the original 
wire diameter, therefore, it is not nec- 
essary to turn down or grind the body 
or threads to obtain the relief shown 
in some of the foregoing sketches. 
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Bonded Rubber-to-Metal Joints 


]. H. GERSTENMAIER 


Development Manager 
Goodyear Tire and Rubber Company 


FOR OBTAINING BONDS between un- 
cured rubber and metal, two basic ad- 
hesion methods are used: Chemical; 
and Mechanical In both, adhesion be- 
tween the rubber and metal takes place 
while the product is in the mold being 
formed and cured. 

Many rubber companies use a care- 
fully controlled brass plate as a cov- 
ering on metal to obtain a chemical 
method of bonding.the rubber to the 
metal. The brass plate reacts with cer- 
tain ingredients of the compounded 
rubbers to form another chemical com- 
position at the surface of the metal 
that results in a strong bond. 

In the mechanical type adhesion 
process, special cements are used that 


Table Il—Comparative Adhesion 
Values for Various Surface 
Conditions of Steel 


Surface Conditions of Steel Percent 


Polished surface 

Grit blasted surface | 
Shallow corrugations 

Deep corrugations 


100 
66 
50 
40 


penetrate the surface to be joined and 
upon hardening form the bond be- 
tween the rubber and metal. The basic 
mechanical adhesives are: Chlorinated 
polymers; rubber resins; cyclized rub- 
bers; and phenolic resins. 

The data given in Table I indicate 
the wide variations in the application 
of adhesives to different combinations 
of rubber and metal. 

Condition of the metal surface has a 
direct effect on adhesion values. The 
data shown in Table II are a tabulation 
of a laboratory test of bond strengths 
obtained with various types of sur- 
faces of the same steel with the same 
rubber and metal preparation. Speci- 
mens were subjected to shear loading. 

These results show that corrugations 
used to increase adhesion area not 
only fail to improve bond strengths, 
but actually decrease them. 

The optimum type of adhesion sur- 
face is finely polished. Finishes produc- 
ed by smooth rolling, drawing, machin- 
ing, and grinding are satisfactory 
provided that obvious defects are 
avoided. Smooth cast surfaces are ac- 
ceptable if no surface defects are pres- 
ent. Generally it is necessary to sand 
blast or pickle adhesion surfaces to 
remove dust or scale. 

While bond strengths of 250 psi 
can be maintained consistently in the 


Table I—Application Data for Bonding Rubber to Metal, 
Based on ASTM429-47T-B Strip Test 


Natural Rubber 


Bond Bond 
Strength,| Adhesion| Strength, 
Ib/in. | Method*| Ib/in. 


GRS Rubber 


Buna-N Rubber | Neoprene Rubber 


Adhesion 
Method * 


Bond 
Adhesion|Strength, 
Method*| Ib /in. 


Bond 
Adhesion|Strength, 
Ib /in. 





SAE 1010, 1020 
90 


"50 
360 
75 
40 


A-1 70 
B-1 40 
B-5 50 
A-2 60 
B-1 30 


Hardened Steel.. 
Malleable Iron.. 
Cast Steel 

Cast Iron...... 


Type 303 Stain- 


less Steel... 70 
80 


50 


B-5 
A-1 
B-1 


60 
60 
Aluminum Sheet 40 


Aluminum 
Castings. 


Carbon.... 
Magnesium. . 
Titanium.... 


40 
50 


B-1 
C-1 
B-5 
B-5 


30 
30 
30 


50 40 





A— Brass plate type adhesion (chemical) 
B—Chlorinated rubber type adhesive 
C—Cyclized rubber type adhesive 


Method* 





A-1 
B-2 
B-2 
A-2 
B-2 


B-4 
B-4 
B-5 
B-5 
B-5 


A-lorB-2 
A-2or B-2 
B-1 
|A-2or B-2 
B-1 


70 
40 
50 
40 
30 


B-3 
A-1 
B-2 


B-4 
B-4 
B-4 


50 
30 
30 


B-2 
C-1 
B-5 


30 B-4 





D—Phenolic resin type adhesive 
*Suffix number denotes variation of basic adhesive 
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(A) (8) 
Poor Design Proctice 


DS, SS 


(C) (D) 
Good Design Proctice 


FIG. 1—Shear and compression 
mounts, — (A) and (B) Designed 
without edge fillets. — (C) and (D) 
Redesigned with edge fillets. 


«Point No.l 


(A) Poor Design (B) Good Design 


FIG. 2—(A) Stress concentrations 
would build up at sharp edges desig- 
nated by arrows. (B) Rounded 
corners avoid stress raisers, 


design of mild steel parts, it is desir- 
able to incorporate adequate adhesion 
area so that under maximum dynamic 
load the bond is not stressed in excess 
of 125 psi. 

On shear and compression mount- 
ings, liberal fillets should be provided 
at the edge junction points, Fig. 1. 
Mountings A and B lack adequate edge 
radii, therefore, they are poorly de- 
signed from the viewpoint of edge ef- 
fects. In C and D, the same mountings 
are redesigned with fillets to relieve 
edge stress. Mount D is preferred for 
production rather than C, since a part 
without undercut is easier and more 
economical to mold. From a perform- 
ance standpoint, however, C is pre- 
ferred. 

Edge radii are especially important 
on shear mountings. Test results show 
that mounts with edge radii run as 
much as 50 percent longer on fatigue 
tests than those without. 

Stress concentrations indicated by 
arrows in Fig. 2 (A) should be avoid- 
ed. The high stress concentrations at 
Point No. 1 may cause failure of the 
mount along the adhesion surface, even 
though the bond is good. The design 
Fig. 2 (B) accomplishes the same 
purpose without objectionable stress 
concentration. 
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Developments to Watch 


THERE IS LITTLE NEW under the 
sun and what we call new is frequently 
a refinement and improvement on 
something that is old. Zippers are now 
in common use. They are finding more 
and more applications and there are 
new styles being developed constantly. 
They offer an excellent means for 
quick disassembly. During World War 
I the zippers were used for opening 
and closing the canvas or rubber seals 
around the guns in tanks. As the gun 
was elevated the zipper opened ahead 
of the gun barrel and closed behind 
the gun barrel and therefore main- 
tained a relatively good seal to prevent 
the powder blast blowing back into 
the tank chamber. 

Now the same principle is being 
used for the sealing of moving me- 
chanical elements to protect against 
entrance of dirt. 

Adhesives were discovered to be the 
ideal medium for attaching friction 
linings. This development was first 
used some years ago. Since that time 
many additional adhesives possessing 
greater strength and durability have 
been developed. Today adhesives are 
even being used for some of the joints 
in aircraft structures. But of course not 
for primary load carrying members. 
However, more and more product de- 
sign constructions are using adhesives 
for joining various members. 

Roll Pins were invented and put 
into use in Germany and introduced 
in this country since the close of the 
war. These pins are now available in 
a number of different forms but in 
every instance they offer a quick 
means for rigid assemblies that can be 
disassembled with ease and speed. In 
the common construction, it is merely 
necessary to drive the roll pin all the 
way through the holes in order to dis- 
assemble. The pins can also be used 
where one of the holes are blind by 
simply making the blind hole deep 
enough to receive the pin. 


COLD WELDING .. . Cold welding 
of aluminum is finding more and more 
applications. The natural one seems to 
be in the assembly of aluminum wire 
screens. However, what may develop 
to be the greatest field is the cold 


welding of aluminum to copper, 
thereby making possible a copper ter- 
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minal for an aiuminum wound coil. 

Terminals for aluminum wires, how- 
ever, need not await the perfection 
of the process of cold welding the 
copper terminal to an aluminum wire. 
There is now available a whole series 
of copper terminals that can be me- 
chanically fastened to aluminum wire. 
The junction between the terminal 
and the wire is such that the voltage 
drop across the connection is insignifi- 
cant. In fact it is less than the voltage 
drop generally encountered on any 
clamped electrical connection. The 
significance of this is the possibility 
of greatly expanding the use of copper 
wires for all types of coils. 


BUILT-UP ASSEMBLIES .. . Curvic 
couplings for the assembly of built-up 
constructions are being used more ex- 
tensively. The advantages of this con- 
struction include the assurance of good 
alignment ‘and an assembly method 
that gives an extremely high joint 
efficiency. Crank shafts, rotor mount- 
ings and similar constructions where 
the transmission of torque is involved 
are being made as built-up assemblies 
using the Curvic coupling developed 
by the Gleason Company. 

Assembly costs are often the biggest 
single factor in the cost of a medium 
sized product such as home appliances, 
radios and the like. The American de- 
sign engineers are solving this prob- 
lem by minimizing the number of 
pieces in the assembly and using re- 
sistance welding, speed nuts, clinching 
and similar high speed fastenings. 
Significantly, the speed and economy 
of the fastening method is largely de- 
termined by the number of assemblies 
involved and the details of the design. 
There is perhaps no speedier way of 
assembling some units than through 
controlled atmosphere brazing in a 
conveyor type furnace. Or the piece 
may possibly be resistance welded, 
held together by friction or staked or 
riveted. Each of these processes is 
being improved repeatedly in order to 
meet the competition. Designers must 
keep their eyes open for new develop- 
ments in fastening and assembly 
methods. 

Friction locks are receiving more 
attention. As mentioned elsewhere, 
tapered inserts in the bores and hubs 


are now being used for wheel mount- 
ings on shafts. This fastening assembly 
method does away with keyways and 
keys, prevents any possibility of the 
wheel rocking on the shaft as some- 
times occurs when keys are used, and 
is far easier to mount and dismount. 
Several companies are producing com- 
plete lines of chain wheels with tap- 
ered inserts for friction mounting on 
a shaft. 

Friction mountings of wheels on 
shafts usually have far greater torque 
capacity than the designer calculates. 
Conventionally the designer computes 
the torque that can be transmitted be- 
tween the wheel and the shaft on the 
basis of a coefficient of static friction 
equal to 0.4. Usually the actual load 
carrying capacity is considerably more 
than the amount calculated on the 
basis of a coefficient of static friction 
equal to 0.4. When the contact pres- 
sure between two surfaces gets ex- 
tremely high, the resistance of these 
surfaces to sliding over one another is 
not determined by coefficient of fric- 
tion but rather by the strength of the 
contacting surface layers in their re- 
sistance against fretting and shearing. 

Spline joints as mentioned else- 
where, are used relatively little be- 
cause of the cost of producing them. 
However, the introduction of rolled- 
in splines will undoubtedly have a 
considerable effect on the extent to 
which splined fastenings are used. 
They have many advantages including 
great strength, rigidity, and efficiency. 
They make possible the use of small 
diameter shafts for a given torque 
transmitting capacity. 


TITANIUM FASTENERS . . . Ti- 
tanium fasteners are still new and 
much remains to be learned concerning 
their specific potentialities. But prog- 
ress so far warrants further efforts to 
solve some outstanding problems. To 
successfully utilize titanium as a ma- 
terial for fasteners, the advantages in- 
herent in its light weight and the dis- 
advantages of its low modulus of 
elasticity must be carefully appraised. 
More static tests will be essential in 
developing strength criteria. 

Since titanium apparently does not 
react in a manner similar to that of 
the conventional alloys under cold 
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working stress, techniques will have to 
be perfected to achieve an acceptable 
balance between stress relieving and 
cold working for maximum fatigue 
strength. 

Foremost among current problems 
are the alleviation of galling and seiz- 
ing of threaded members, and im- 
provement of fatigue performance. 
Research investigations are underway 
to obtain more data on the frictional 
properties of titanium. Researchers at 
the Bureau of Aeronautics, Navy De- 
partment, and the Naval Research 
Laboratory have experimented with a 
teflon coating for titanium threaded 
parts that seems to have merit in re- 
ducing galling. 

Results of tension fatigue tests on 
titanium alloy bolts have not been con- 
clusive, nor have they been as con- 
sistent as results obtained from com- 
parable steel bolts. Here, research is 
centering around the metallurgy of ti- 
tanium in an effort to improve fatigue 
characteristics. 

Another field of investigation is the 
testing of shear type fasteners. For ap- 
plications such as shear fasteners and 
driven rivets not subject to tension fa- 
tigue, titanium parts appear to have 
advantageous strength characteristics. 


THREAD INSERTS FOR MAG- 
NESIUM COMPONENTS . . 
Broadening applications of magnesium 
castings, forgings and extrusions in 
both commercial and military equip- 
ment have required attention to im- 
proved methods for securely fastening 
such components. Solid bushings and 
screw thread inserts have been in use 
for many years. The accumulation of 
performance data has helped deter- 
mine their relative merits and short- 
comings and has resulted in the com- 
pilation of workable standards. 

Screw thread inserts of 18-8 stain- 
less steel wire offer advantages of 
weight saving, strength and resistance 
to elevated temperatures, vibration and 
corrosion. 

Magnesium alloys, of course, will 
corrode when in contact with stain- 
less steel in the presence of an electro- 
lyte. In most assemblies, however, the 
bolt head, washer, and clamped mem- 
ber combine to seal off the insert, bolt 
threads and tapped threads from ex- 
posure to corrosion conditions. Be- 
yond that, most users specify a wet 
zinc chromate primer on the tapped 
thread to prevent metal-to-metal con- 


tact with the insert. It has been found 
that even if some corrosion does de- 
velop, the corrosion products serve 
only to lock the insert more securely. 

Tests have substantiated the possi- 
bility of higher loading with screw 
thread inserts. The suggested explana- 
tion is that the coiled wire acts as a 
compensator, spreading stresses more 
evenly over all the engaging bolt 
threads, in contrast to conventional nut 
and bolt or solid bushing assemblies 
that concentrate load stresses over only 
a few of the engaging threads. 

Installation, in either original equip- 
ment or repair work, is fairly simple. 
The bolt hole is drilled to the required 
diameter and tapped to accommodate 
the insert. Taps for this purpose are 
standard in pitch but are cut oversize 
in pitch diameter for the insert. 


METAL WIRE STITCHING ... 
One of the newer methods of fasten- 
ing thin gage metals and other mate- 
rials now available to the design en- 
gineer is metal stitching. With this 
process, a piece or part of thin-section 
metal can be joined to one or more 
pieces of other thin material, either 
metallic or nonmetallic, with wire 
stitches. Metal stitching differs from 
stapling in that stapling uses pre- 
formed fasteners or staples; while in 
stitching the wire is cut from a coil 
to a suitable length and each fastener 
or stitch is formed as the joint is made. 

Two types of machines are used in 
metal stitching; one produces a loop- 
clinch stitch, and the other produces 
a flat-clinch stitch. The maximum 
thicknesses of materials that can be 
fastened by wire stitching varies with 
the characteristics of the materials and 
the type of clinch. A sheet of 0.093 in. 
24SO Alclad can be stitched to a 0.020 
in. sheet of annealed steel with either 
type of stitch. A sheet of 0.125 in- 
24SO Alclad can be stitched to % in. 
thick tempered Masonite with either. 

Advantages of the process are sim- 
plicity, economy, and a high produc- 
tion rate. Through utilization of the 
process, it is reported that production 
increases up to 700 percent and ma- 
terial savings up to 95 percent have 
been achieved. 


HIGH STRENGTH BOLTS ... 
Three years ago, the Research Council 
on Riveted and Bolted Structural Joints 
issued “Specifications for the Assembly 
of Structural Joints Using High Tensile 
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Steel Bolts.” These were issued to con- 
trol the increasing use of high strength 
bolts, and were prepared while re- 
search studies were still in progress. 

The Industrial Fasteners Institute 
has recently reported that on Febru- 
ary 27, 1954, the Research Council 
approved a first revision to the origi- 
nal specification. In addition to several 
minor changes, the following fout ma- 
jor changes were adopted. 

Washers. The use of flat washers is 
now permitted with all wide flange 
beams; and beveled washers are re- 
quired to be used only with American 
Standard. beams and channels. 

Painting. Any joint in which slip 
into fastener bearing is not objection- 
able may now be painted. Other joints 
which are subjected to dynamic stresses 
such as impact, reversed loads, vibra- 
tion, or where stress redistribution 
might occur with joint slippage, must 
still be left unpainted. 

Assembly. The chief requirement, as 
before, is that all bolts be tightened to 
induce a minimum tension equal to 90 
percent of the minimum Proof Load 
of the bolt. However, a new tension 
value, 15 percent greater than the 
minimum requirement, has been added 
as a suggested "target" to be used when 
calibrating impact wrenches. 

Inspection. Approval and observa- 
tion of the method used to calibrate 
the impact wrench has proven to be 
adequate inspection and is included as 
a recommended practice in the new 
specification. Further inspection, of 
course, may be necessary depending on 
the job. 

All of these major changes liberalize 
to some degree the original specifica- 
tion. All of the changes will help to 
assure better connections, easier fabri- 
cation, faster erections, and lower cost. 


CREEP IN AIRCRAFT JOINTS 
... As a part of its continuing pro- 
gram of more than thirty years in the 
field of aircraft structures, the National 
Bureau of Standards reports that the 
creep behavior of aircraft joints at 
moderate temperatures is now being 
investigated. The purpose of the in- 
vestigation is to provide design infor- 
mation for high speed aircraft in which 
the skin is heated by air friction. The 
comparative performance of typical 
structural adhesives and rivets in air- 
craft structures has been studied as 
well as the performance of sandwich 
panels assembled with adhesives. 
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Make sure you get Fasteners HEADED FOR SAVINGS 


millions of 
assembly hands 
head start 


Mpe À P 2 |? > dw] 


special 


SLOTTED OR PHILLIPS HEAD 


For fastenings to light gage (.015" 
fto .050") sheet metals, asbestos 
compositions, resin impregnated 
plywood, wood, etc. The original 
Sheet Metal Screw. Forms its own 
matching thread as it is turned in. 
Can be removed and replaced. 


Standard screws ore hardened 
steel. Type 302 (18-8) Stainless 
Steel, non-hardenable (standard in 
some sizes). Type 410 Corrosion- 
resistant Steel, hordened (special 
order). Brass (speciol order). 


Can be furnished on 
special order, quantity 
permitting. Some vari- 
otions of the stondord 
Type A form are shown. 


(m 
- Type A 
STAPS 


The washer illustrated is a lomi- 
nated metal and neoprene rubber 
disc, recommended for most appli- 
cations of Type A Staps. Other 
types of washers can be used. 


Screws are sometimes like people. If they “lose their heads” 
under pressure — if they turn out to be “softies” if they 
"don't square up,” they are headed for trouble . . . and so is 
your assembly line. 

P-K Self-tapping Screws are headed for savings — not 
only headed, but threaded, pointed, and heat treated with 
the same purpose — to keep assembly lines trouble-free. 


When your design calls for assembly with Self-tapping 
Screws, you can plan on assembly savings up to 50% and 
more over slower, more complicated fastening methods. To 
make sure your planned savings pay off — specify P-K. 
Parker-Kalon Division, General American Transportation 
Corporation, 200 Varick Street, New York 14. 


PARKER-KALON 


pou 1A.S.A. 
Type B Designotion 


SLOTTED OR PHILLIPS HEAD Type B 


For fastenings to light and heavy 
gage sheet metals (.015'' to .200"') 
ond structural steel (.200’ to V2"), 
non-ferrous castings, plastics, resin 


For fastenings to light ond heavy 
gage (.015" to .200”) sheet metals, 
non-ferrous castings, plastics, resin 
impregnated plywood, asbestos 
compositions, ete. Forms its own impregnated plywood, asbestos 


matching thread as it is turned in. compositions, etc. Forms thread os 


it is turned in with socket wrench. 


Con be removed ond replaced. š 
Con be removed ond replaced. 


Stondord screws ore hardened 
steel. Type 302 (18-8) Stainless 
Steel, non-hardenable (standard in 


Standard screws ore hardened 
steel. Type 302 (18-8), non-harden- 
able Stainless Steel, ond Type 410, 


some sizes). Type 410 Corrosion- 4 a 
). Typ hordened, Corrosion-resistont Steel 


resistant Steel, hardened (special 


order). (special order). 


Cen be furnished on Can be furnished on 


special order, quantity 
permitting. Some vari- 
ations of the standard 


special order, quantity 
permitting. Some vori- 
ations of the standard 
Hex Head Type Z form 
ore shown. 


A M 
ç Type Z Hex Heod 
STAPS Type Z 
f STAPS 


Shown with laminated metal and 


Type Z form are shown. 


Since head styles are same os those 
of Type A, STAPS with Type Z 


À ` eoprene rubber disc, reco 
thread form can be furnished. ee ee ise, recommended 


for most applications. Other types 


Metal backed neoprene washer is 
of washers can be used. 


recommended. 
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IS HEADS F, 1.49 vo maos 
UNDERSIZE? UT POP OFF? 


lf i 
r 


P-K STANDARDS 


PROTECT YOU AGAINST 
THESE AND MANY OTHER 
SYMPTOMS OF SCREWS 
HEADED FOR TROUBLE. 


'These symptoms are hard 
to see at a glance, but the 
effects of screw failure 
Cparts spoilage, high rec- 
lamation expense, hidden 
weakness) show up 
quickly in mounting as- 
sembly costs and customer 
complaints. 


twe KL ? 


SLOTTED OR PHILLIPS HEAD 


For 


fastenings to comparatively 


thin sections and bosses in friable 
ond brittle plostics. Five cutting 
flutes distribute pressure evenly, 
permit chips to drop to bottom of 
hole. Coorse threads offer greater 
resistance to stripping out. 


Type F-Z Screws are made on spe- 
cial order only, quantity permitting. 
Can be furnished in plain steel or 
stainless steel. 


Can be furnished on 
special order, quantity 
permitting. Some vari- 
ations of the standard 
Type F-Z are shown. 


Type F-Z 
STAPS 
Since head styles are some as those 
of Type A, STAPS with Type F-Z 
thread form can be furnished. 
Metal backed neoprene washer is 
recommended. 


ALIS 


"74^ SELF-TAPPING SCREWS 


"y 


SLOTTED OR PHILLIPS HEAD 


For fastenings to ferrous ond non- 
ferrous castings, bronze or bross 
forgings, heavy gage sheet metals, 
structural steel, plastics, resin im- 
pregnated plywood, etc. Cuts 
standard machine screw thread os 
it is driven. Can be removed and 
replaced. 


Standard screws ore hardened 
steel. Type 410 Corrosion-resistant 
Steel, hardened, (special order). 


Modifications can be 
furnished as needed on 
special order, quantity 
permitting. Some vari- 
ations of the standard 
Type F form are shown. 


Type F 

STAPS 
Since head styles ore same as 
those of Type A, STAPS with Type 
F thread form can be furnished, 
Metal backed neoprene washer is 
recommended. 
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IS SLOT 
T00 DEEP? 


T 
ype 


For permanent fastenings to ferrous 
and non-ferrous castings, heavy 
gage sheet metals, plastics, etc. 
Cannot readily be removed. 


Standard screws ore hardened 
steel. Type 410 Corrosion-resistant 
Steel, hardened, (special order). 


Some variations of the 
standard Type U form 
ore shown. Modifica- 
tions can be furnished 
as needed on special 
order, quantity permit- 


) Type U 
STAPS 


Shown with molded neoprene 
washer, recommended for most 
applications of Type U STAPS. 
Other types of washers con be 
used. 


^'s SLOT 
OFF CENTER? 


| f = 


(/ THE LEADING CHOICE FOR METAL 
AND PLASTIC FASTENING ECONOMY 


HEAD STYLES 


Types A, Z, F, and F-Z are avail- 
able with any of these commonly 
used head styles—ROUND, BIND- 
ING, STOVE, FLAT, OVAL, HEX. 


FINISHES 


Standard plated finishes are Zine, 
Brass, Nickel, Cadmium, or Par- 
kerized. Other finishes on special 
order. 


STAPS 


ore P-K Fasteners with pre-assem- 
bled neoprene washers. They 
have many applications for effec- 
tive control of leaks, squeaks, 
electrolysis and crazing in enam- 
eled surfaces. Furnished to special 
order, quantity pefmitting 


TYPE 21 


A Drive Screw for 
fastening fibre, 


=, 


leather, fabric, 
cardboard, etc., to 
sheet metal. For 
permanent fasten- 
ings. 





How Du Pont Explosive Rivets 
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BEFORE AFTER 


Cross-section photographs above show 
Du Pont Industrial Explosive Rivets before and 
after firing. Notice at left that cavity containing 
explosive charge extends full length of rivet shank. 
Close drilling tolerances are unnecessary because 
when rivet is fired, shank expands to fill drill hole 
completely. Barrel-shaped shop end locks rivet 
securely in place. (See picture at right.) These 
versatile rivets are fired in as little as V5 second 
with a Du Pont Electric Riveting Iron, or Friction 
Firing Tool, and greatly facilitate fastening jobs 
calling for blind or hard-to-reach riveting. 


BEFORE AFTER 


A recent modification of the standard type 
of explosive rivet is the Blast-free (noiseless) type. 
This rivet has a metal plug in the shop end of the 
cavity in the rivet shank, which contains the explo- 
sive charge. When rivet expands, no deformation 
of the opposite or adjacent structure occurs, even 
when that structure is very close to the shop end 
of the rivet. These rivets store well under adverse 
conditions, and they are practically noiseless when 
being set. More complete information on this 
newest Du Pont Explosive Rivet will be sent on 
request. 


Aircraft Problems 


High-Speed Industrial and 


Du Pont Explosive Rivets allow extreme design flexibility that 
often eliminates steps in fabrication. These versatile rivets are a 
real help for fastening in blind spots or hard-to-reach places, and 
help speed work along open seams. First used by the aviation 
industry in World War II, Du Pont Explosive Rivets are now 
widely employed in the manufacture of bus and truck bodies, 
electrical appliances, metal cabinets, washing machines, furniture, 
toys, and various other units. 


Du Pont Explosive Rivets resemble ordinary solid rivets with one 
important difference. Extending the full length of the rivet shank 
is a small, carefully centered cavity containing a minute, non- 
corrosive explosive charge. Application of heat with an inexpen- 
sive Du Pont Electric Riveting Iron or friction firing tool fires the 
charge, setting the rivet neatly, firmly and quickly in place. 


APPLICATIONS 


These rivets are always set from the head side, and no bucking 
bar is needed. One operator alone can readily set Industrial Ex- 
plosive Rivets at the rate of 20 to 25 a minute, or from 15 to 20 
Aircraft Rivets a minute, 


Almost instantly ... 
charge expands, form- 
ing a barrel-shaped 
head on shop end of 
rivet, setting it in place. 


[ .] sive Rivet with heated 
Du Pont Riveting tron. 
(Note tiny explosive 
charge in rivet shank.) 


Pr [| Touch head of Explo- 
Lael 


All Du Pont Explosive Rivets have smooth, finished heads, requiring 
no after-finishing, buffing, trimming or cutting. In every type the 
shank expands to fill the hole completely. Du Pont Explosive Rivets 
are especially helpful in securing nonmetallic to metallic materials. 


WIDE GRIP RANGE 


The wide grip range of Du Pont Industrial and 56S aluminum alloy Aircraft Explosive 
Rivets makes it possible to use the same length rivet to fasten varying thicknesses of ma- 
terial, reducing need for large inventory of rivets. 


AAAPRPRAPAO DU PONT 
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solve Industrial and 22 2. 
in Engineering Design 


Aircraft Explosive Rivets 


Du Pont Industrial and Aircraft Explosive Rivets save time and 
labor on both primary and secondary fastening jobs, and have 
proved so effective in lowering installed fastener costs that they 
have frequently replaced solid rivets and other types of fasteners. 
Engineering designs planned with Du Pont Explosive Industrial 
and Aircraft Rivets often remove restrictions imposed by conven- 
tional fastening methods . . . help reduce costs and save fabrica- 
tion time. 


STRENGTH DATA 


Du Pont Industrial Explosive Rivets assure strong joints, com- 
parable to those made with solid rivets. Single shear and tensile 
strength data for typical Du Pont Industrial Explosive Rivets are 
shown below. (All tested in single riveted steel specimens having 
recommended-size holes. ) 

52S Aluminum Alloy —Brazier Head Type 
Shear 


Strength 
Lbs./$q. In. 


Tensile 
Strength 
Lbs./$4q. In. 


Rivet 

Diameter 
1⁄8“ 
5/32” 
3/16" 


15,200 
15,200 
15,200 


23,600 
23,000 
22,900 





Brass—Brazier Head Type 


34,600 
33,600 


49,200 
46,100 


31,900 51,700 


Tensile strength of DR-204 A-16 Aircraft Explosive 
Rivet: 1,006 Ibs. per rivet . . . convincing reason why 
fastening done with Du Pont Explosive Rivets with- 
stands severe stress and strain. 








SPECIFICATIONS 


INDUSTRIAL RIVETS— Du Pont Hi-Speed Industrial Explosive Rivets are available 
in aluminum (52S alloy), brass, nickel-plated brass, and nickel. They are manu- 
factured with either modified brazier or 100° countersunk heads, and are available 
in four diameters— 14", 5/32", 3/16", and !4". Larger rivets having diameters of 
.202"' and .263"' are available in 56S aluminum alloy, and with either modified 
brazier or 100? countersunk heads. 


AIRCRAFT RIVETS— Du Pont Aircraft Explosive Rivets are made with either modi- 
fied brazier or 100? countersunk heads in two aluminum alloys. 17S-T and 56S. 
They are alodized to meet the noncorrosion requirements of military specifica- 
tions. Four diameters are available: .134’’, .171’’, .202” and .263’’. These rivets 
are manufactured to conform to the new military specifications, MIL-R-7885, 
which cover all military applications. 


REG. u. 5. Pat. OFf 


BETTER THINGS FOR BETTER LIVING ...THROUGH CHEMISTRY 


EXPLOSIVE RIVETS 222 
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BEFORE AFTER 


Du Pont Aircraft Explosive Rivets are similar in 
design and construction to those produced strictly 
for industrial uses. They perform in the same 
manner and help solve many of the design prob- 
lems encountered by design engineers because: 
l. They provide a quicker, simpler method of 
fastening airplane sections that can be fastened 
from one side only. 2. They facilitate the design 
of new ultra-high-speed aircraft, as they can be 
used where space limitations are severe. Millions 
of Du Pont Explosive Rivets have been and are 
being used to simplify awkward riveting prob- 
lems in aircraft design and construction, 


BEFORE AFTER 


AM types of 56S Rivets are manufactured in 
the Blast-free (noiseless) type. When required in 
sufficient quantity, Du Pont Blast-free Explosive 
Rivets can be furnished in nonstandard dimen 
sions or in metals other than those listed. Where 
extra strength is desired, rivets with aircraft alloys 
and dimensions can be furnished for industrial 
use, and Du Pont Rivets of special alloys are also 
available for high-temperature applications. 

Du Pont Explosive Rivets are the practical 
answer to many difficult fastening problems found 
in industry, aviation and automotive repair. 


For additional infor- 
mation about Du Pont 
Explosive Rivets send 
for your copy of the 
booklet, Du Pont Ex- 
plosive Rivets, or con- 
tact your jobber. E. |. 
du Pont de Nemours 
& Co., Explosives De- 
partment, Wilmington 
98, Delaware 


A 
G33 





Simply squeeze 
like pliers, 
and presto... 


ALUMINUM "nse IS KOLDWELDED! 


The UricA9 Koldwelding tool KL-10 for lapwelding weighs less 
than 3 Ibs. It’s easily portable from job to job. Yet it does equal or 
better work than conventional welding equipment which costs more 
and is non-portable. 

You never sow aluminum welded so quick ond Koldwelding employs no heat or electricity or flux of any kind. No 

easy! Photo shows .004 aluminum foil shielding jus? ° "d ° á . ° 

oc B. como ext ei kh kpi sipas special skill is required and no flash occurs. Welding is by pressure 
alone. Yet Koldwelds are as strong or stronger than welds made by 
any other method. 

One set of UTICA precision dies will Koldweld all gauges of foil 

from an over all thickness of .002 to .026, and other interchange- 
able dies will Koldweld sheets to a maximum thickness of .040— 
total weld .080. 

You get o real weld, not just a bond. Microphoto 

shows lapweld in .004 aluminum foil, Note Kold- 

welded area in center shows actual inter-molecu- 


i th. foil sh b To get more facts and data on this new type of weld- 
or flow of metal . . . both foil sheets become o ing send today for Utica Koldwelding brochure. 
single homogeneous unit (Photo made by Alcoa 


Process Dev. Labs., Welding Section, Project K-15). 


BUTTWELDS TOO 


UTICA& Koldwelding 
tool KB-14 for . butt- 
welding (above) 


makes perfect welds 
without heat; electri- 
city or flux in just sec- 
onds. Operates with 


many non-ferrous 
metals. UTICA DROP FORGE & TOOL CORP., UTICA 4, N. Y. 
"UTICA" when used in connection with hond tools is a Trade Mork Reg. U. S. Pot. Off. 
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Cleveland 77 C242 77 Fasteners 


FERROUS AND NON-FERROUS 


Hexagon Head Cap Screws e Socket Head 
Cap Screws— Plain & Knurled; also Flat and 
Button e Flat Head and Fillister Head Cap 
Screws e Place Bolts e Structural Bolts e 
Tractor Bolts èe Square Head Set Screws e 
Socket Set Screws è Milled Studs 


«to solve your problems in 
fastener-type parts production 


It just might pay you to take a good look at the special parts 
you’re buying that could be made more economically by Cle- 
Cap’s hot heading or cold extrusion processes. Quite a number 


of our customers have done it. . . and they like what happened. 


The forged blank (a) above was produced for one user. He 
finished it as it's shown at (b). CleCap pre-forms your non- 
standard parts for further shaping and machining in your plant 
or manufactures them complete, ready for your assembly line. 


You'd be surprised at all the different shapes we've turned out. 


You can save yourself tooling and machine time. Take a look 
at what CleCap offers—engineering skill and experience in 
applying high production methods and machines to your prob- 


lems. Anyway, write for folder, "Specials by Specialists". 


The Cleveland Cap Screw Co. 
2936 EAST 79th STREET - CLEVELAND 4, OHIO 
VU ican 3-3700 TWX CV42 


Mo S 
Originators of the Kaufman [ISAY Process 
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Time—because your local UNsBRako distributor 
carries a complete stock of these close tolerance 
fasteners, and deliveries are prompt. Money— 
because it is possible in many cases to drill and tap 
fewer holes, use fewer screws, when you fasten 
assemblies with UNBRAKOs. Ask your local UNBRAKO 
distributor for your copy of UNBRAKOo Standards. 
STANDARD Pressep Street Co., Box 954, Jenkintown, Pa. 


You'll save time and 
by using 


money 


UNBRAKO SOCKET SCREW DIVISION 
JENKINTOWN, PENNSYLVANIA 


trolled fillet and continuous 
grain flow for strength 
e Fully formed threads 
3 fit 
e Standard sizes 


e Knurled head for sure finger 
grip and fast assembly 
Accurate hex socket for posi- 
tive nonslip internal wrenching 
Heat treated alloy steel, con- 


SOCKET HEAD 
CAP SCREWS 


Class 


#4 to 1” 





1 


Knurled cup point, for posi- Class 
tive self-locking, won't work 


loose 


e Fully formed threads 
3 fit 

e Heat treated alloy 
for strength 

e Standard sizes— 


SELF-LOCKING 
SOCKET SET 
SCREWS 


steel 


| 


Accurate hex socket for non- 
slip internal wrenching 


[ 


#4 to 1” 


Designed for flush head 
assembly of thin section 
materials 

Heat treated alloy steel for 
strength 

Uniform 82° angle under head 
for maximum contact 


ə Accurate hex socket for posi- 
tive, nonslipinternal wrenching 


FLAT HEAD 
SOCKET CAP 
SCREWS 


e Fully formed threads—Class 


3 fit 


e Standard sizes—#4 to 34’ 


e Controlled chamfer for faster 
starting of threads 
e Accurate hex socket for non- 


Fully formed threads for posi- 
tive sealing without compound 


DRYSEAL- -HREAD e Heat treated alloy steel for 


PRESSURE PLUGS , 


BUTTON HEAD 


strength 


Continuous grain structure for 
stronger threads 


Designed for applications 
where countersinking is not 
practicable 


e Heat treated alloy steel for 


SOCKET SCREWS 


SHOULDER SCREWS ° 
OR STRIPPER BOLTS * 


PRECISION GROUND ` 
DOWEL PINS ` 


strength 
Low head height for stream- 
lining designs 


Heat treated alloy steel for 
strength 

Knurled head for sure finger 
grip and fast assembly 
Accurate hex socket for posi- 
tive internal wrenching 
Shoulders held to unusually 
fine tolerances for close fit 


Formed ends, with continuous 
grain flow, won't chip 
Surface hardness, Rockwell 
“C” Scale: 60-62 

Surface finish: 6 microinch 
maximum 


e Core hardness, Rockwell “C” 


Scale: 50-54 
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e Standard sizes—l¢"’ 


e Fully formed threads 


e Standard sizes—#8 


slip internal wrenching 
to 114" 


National Pipe Thread Fuel 


e Accurate hex socket for non- 


slip drive and freedom from 
marred or mutilated heads 
Class 
3 fit 

through 
54’’, inclusive 


e Threads and head concentric 


with the body for uniformly 
accurate assembly 

Finished threads close to the 
shoulder for holding power 
Fully formed threads—Class 
3 fit 

Standard sizes—lj" to 934" 


Average single shear strength: 
150,000 psi 


e Diameter tolerance : 4-0.0001 '' 
e 2 standards—blue label pins 


.0002’’ oversize tomeetnominal 
press fit requirements; red 
label pins .001’’ oversize for 
use as repair pins 





To function effectively, a spring pin must drive easily into 


IS as Important 
holes drilled to normal production tolerances, compressing . ° ü 
as driven. To drive easily, hold firmly and fit flush, the pin In the pin as In 


—every pin—must meet the strict requirements of specifica- 
tions such as those prepared by the SAE and the Military 


— | the gear 


AR TN NT RST 


PTET Te h Rollpin has been tested many times$'"*by many 
í manufacturers — with a consistently high per- 


formance record. It has been widely recognized 
as the "quality" fastener of its type. In this case, 
quality can be— and should be — measured. We 
strongly urge that you test for quality when buy- 


ing spring pins. 


Since failure of a pin can be as costly as a failure of any 


other precision part, it is important to check the pins you ELASTIC STOP NUT CORPORATION 


buy for uniformity... uniformity of diameter and length, 


shear strength, hardness, insertion and removal forces, and a OF AMERICA 


recovery of diameter. 


Dept. R28-112, Elastic Stop Nut Corporation of America 
2330 Vauxhall Road, Union, New Jersey 


Please send the following free fastening information: 
a hinge pin [] Rollpin samples [] Here is a drawing of our product. 
[7 Rollpin bulletin What self-locking fastener would 
you suggest? 


TRADEMARK 


Name. a 


VN Leid 





Street 





a dowel 
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SPIN-LOCK SCREWS 


Hardened Machine or 
Tapping Screws with 
ratchet-like teeth at 
outer bearing surface 
to prevent loosening. 
Can be disassembled 
and re-used. A product 
of RB&W engineering 
research. 


PHILLIPS AND CLUTCH 


Providing fast assem- 
bly and pleasing ap- 
pearance, recessed 
head Machine or Tap- 
ping Screws (with or 
without SPIN-LOCK ser- 
rations) also eliminate 
driver slippage. 


MACHINE SCREWS 


For non-permanent as- 
sembly of light gauge 
metals. Must be used 
in tapped holes. 


SMALL RIVETS 


Wsin. diameter and 
smaller for permanent 
fastening of light- 
gauge metal assem- 
blies. Various head 
styles for use in cooper- 
age. cutter bar sec- 
tions, metal culverts, 
stoves, etc. 


——— Á- 


TAPPING SCREWS 


Hardened Machine 
Screws designed to 
form or cut their own 
threads in sheet metal, 
castings, plastics, etc. 


SPECIAL 
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RB&W manufactures a wide variety of 
special products on its modern cold-head- 
ing and cold-forming equipment. RB&W 
development engineers are ready to co- 
operate with your staff in designing special 
parts in order to gain the greater uni- 
formity , improved physical properties and 
lower cost made possible by this special- 
ized type of manufacturing process. 


STRATEGICALLY LOCATED PLANTS... 


© Los Angeles, Calif. 


Rock Falls, Ill. @ 


Coraopolis, Pa. 


CONVENIENT SALES OFFICES .. . 


Philadelphia, Pa. Chicago, Ill. 
Pittsburgh, Pa. Dallas, Tex. 
Detroit, Mich. San Francisco, Calif. 


plus sales agents in Seattle, Wash... . 
and distributors from coast to coast. 


° Port Chester, N. Y. 


e You can count on fast, dependable service from 
RB&W'S strategically located plants in New York, 
Pennsylvania, Illinois and California. RB&W's sales 
offices and sales agents across the country make the 
solution of your fastening problem no farther away than 
your telephone. 


FREE CATALOG We'll be glad to send you a free 


copy of RB&W catalog No. 106, containing facts, 
specifications and prices on RB&W products — the 
Complete Quality Line. 


RE 





From a camp-stove to a railroad bridge— where 
you want parts to stay fastened for keeps, specify 
RB&W —the fasteners with the 109 -year record of 
reliability. 

RB&W gives you a full line to choose from... 
uniform quality you can count on... super-accurate 
threading for precise fit and faster assembling... 


and dependable holding power for safe and permanent 
assemblies. If the fastener you need can't be supplied 
from our large complete stocks, and production 
quantities are required, we'll design and make the 
right one for the job. 

(Refer to A.S.A.B.18 for dimensions on all stand- 
ard products.) 


CARRIAGE BOLTS 
Used in wood where 
embedding of square 
shoulder prevents rota- 
tion. Alsoin harder ma- 
terial where access to 
head is barred or con- 
tour head is required. 
Here, square hole is 
required. 


HIGH-STRENGTH BOLTS 
High CarbonSemi-Fin- 
ished Hex Machine 
Bolt forsteel structures 
or wherever stress re- 
quirements call for a 
rigid connection to stay 
tight under static or dy- 
namic loading. 


SILICON BRONZE 


A non-ferrous fastener 
with strength compa- 
rable with carbon steel. 
Resists corrosion and 
certain acid reactions. 
Used extensively in 
electrical connections. 


A ——— — — 


PLOW BOLTS 


First made for farm im- 
plements, now used 
where design calls for 
flush head. (No. 3 head 
is now nearly univer- 
sal.) Square shoulder 
must be accommo- 
dated but prevents ro- 
tation. 


CAP SCREWS 


Designed for tapped 
holes but also used with 
nuts where controlled 
body tolerance is re- 
quired. Two types: 
Bright (low carbon) 
and High Carbon Heat 
Treated for greater 
strength. 


ELEVATOR BOLTS 


The large, low head is 
designed for a flush con- 
nection in soft ma- 
terial; for instance, 
buckets to belting in 
grain elevators— 
whence its name. 


STOVE BOLTS 


Machine Screw fur- 
nished with nut. A pop- 
ular type of inexpen- 
sive fastener for use in 
light metal products in- 
cluding many items 
found in the home. 


STEP BOLTS 


Used in place of Car- 
riage Bolt where wider 
and lower head is re- 
quired, as in stair 
treads. 


There's. an RB&W W product for every fastening job | 


— — — — — — 


NUTS 


Square Nuts in both 
Regular and Heavy 
series. Light and Reg- 
ular Series Hex Nuts 
have been consolidated 
into new Finished Nut. 
For greater bearing 
surface, Heavy Hex 
Nuts are available. 


LAG BOLTS 


Generally used to fas- 
ten metal objects to 
wood (for instance, ga- 
rage door hardware) or 
used in connection 
with expansion shields 
in masonry. 


MACHINE BOLTS 


One of the commonest 
of all fasteners with 
wide range of applica- 
tions for holding or 
clamping component 
parts securely. 





DRIVE RIVETS ... installed 
| with only a hammer 


Make riveting as easy as nailing; 

a one man job out of a two man 

operation. For blind or access 

applications. Fasten metal-to-metal 

or metal-to-wood. Installation is 

quick, easy. Just hit the rivet pin 
Pat. No. 2,640,618 with a hammer. 


Rivet end Mfg. 


_—— ee ee ee ee ee re ee eee eee we —— —— —— — — — 


WIDE-TOLER ANCE QUICK 
RELEASE FASTENERS 


Ample length tolerance permits 
one size to cover wide variations 
in metal thickness and spacing. 
Simplify stock requirements by 
eliminating assortment of fastener 
sizes to accommodate variations 
in thickness. Floating screw 
assembly solves alignment 
problems. Easily installed. 


design fasteners ? 


When they lower production costs. 
Southco Fasteners are designed for specific, 
not general, requirements to reduce 


installation time, to do a better job. 


Southco engineers are available 

to help you select the right fastener for 

your particular needs. Write for the 
Southco Fastener Handbook. 

Southco Division, South Chester Corporation, 


236 Industrial Highway, Lester, Pa. 


FASTENERS 


OFFICES IN PRINCIPAL CITIES 


DOOR FASTENERS . . . with 
adjustable grip 


Accommodate variations up to 

% inch in engaging distance. 

Grip pressure adjusted by simply 
turning the knob. Pre-assembled 
unit is easily and quickly installed. 
Two head styles—flush or projecting. 


DOOR SPRINGS... hold 
doors open and shut 


Good for the life of the assembly. 
Hold doors both open and 
closed. Spring tension prevents 
rattle. Minimum space required. 
Available in coil or leaf springs. 


DOOR LATCHES... installed 
in seconds 


Low-cost, rugged, installed with 
unbelievable speed. Provide 
positive locking wherever used. 
Two types—handle or flush-head. 


PERMANENT STEEL 
THREADS IN WOOD 


Anchor nuts provide threads for 
metal screws, bolts, studs. 

Permit quick attachment or 
removal of parts as many times as 
required. Expansion takes place 
inside wood, wood laminates or 
composition materials; nothing 
projects to mar finished surfaces. 
Can't twist or pull out. 
Installation is easy. 


WHEREVER TWO OR MORE PARTS ARE FASTENED TOGETHER; STANDARD AND SPECIAL DESIGNS FOR IMPROVED PERFORMANCE AND LOWER PRODUCTION COSTS 


G40 
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... Of cutting production costs! 


THESE HANDS are about to preplace a ring 
of EASY-FLO low-temperature silver braz- 
ing alloy on a machined part preparatory 
to heating and joining the part to another. 
And how does this simple act cut produc- 
tion costs? 

Well, here’s how: 

Preplacing EASY-FLO is the key factor in 
a method of joining metals that reduces 
brazing to push-button simplicity and as- 
sures a steady stream of soundly brazed 
parts—with easily trained labor doing the 
whole job. 


The reduction in time and labor— plus the 
savings in heat due to EASY-FLO's low 
brazing temperature—bring brazing costs 
down to surprisingly low figures. 


Design these savings 
into your products 


You can do this by designing your metal 
products for EASY-FLO brazed construc- 
tion—a construction that lends itself readily 
to alloy preplacement methods. We offer 
you full engineering cooperation— without 
obligation. 


FOR THE FULL FACTS IN PRINT, WRITE FOR A COPY OF BULLETIN 20 


HANDY & HARMAN 


SS 
v. 


OFFICES and PLANTS 


BRIDGEPORT, CONN, 
9, < PROVIDENCE, R. I. 
o M CHICAGO, | 

i < , kl 
ORIGINATORS OF “SD 


EASY-FLO & ** 
HIE — — 


CLEVELAND, OHIO 
DETROIT, MICH. 


General Offices: 82 Fulton St., New York 38, N. Y. LOS ANGELES, CALIF. 


TORONTO, CANADA 


DISTRIBUTORS IN PRINCIPAL CITIES — 
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=== LOCKBOLTS* 


Production Proved 


They are the only fasteners having all 
the following features: high strength 
(shear, tension and fatigue) water and 
gas tightness, non-deflecting joints, 
pulls sheets together and eliminates 
vibration loosening. 

Installed automatically and almost 
instantaneously, they eliminate all 
chance of human error. 

Tools operate easily with minimum 
of noise, vibration and worker fatigue. 
All this and Low Cost too. 


There is a Huck product engineer 
in your vicinity who will gladly ana- 
— cdi lyze your fastening problems at no 
INTO LOCKBOLT 
cost to you. 


FORM 8-203 


A PERFECT HIGH 
SHEAR & TENSKE 
STRENGTH 
FASTENER EVERY 
Time 


Approved | as ftectios and 
water tight in aircraft 
integral tanks and shell 


plate below water line of - 


*Monufactured under U.S. ents, 

erher parent pending. Com- MANUFACTURING COMPANY 
ete literature on asten- 

@ is available - request to: WMA | 2480 BELLEVUE AVENUE ` DETROIT 7, MICHIGAN 
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TIGHTENING 
FORCE 
100-225 
inch pounds 


even bearing surface. Deep 
point penetration for maxi- 
mum holding power. 


UNRETOUCHED 
PHOTO 


UNRETOUCHED 
PHOTO 


SERRATED POINT—Shaft 
penetration is slight and 
irregular. Bearing surface 
is spotty and rough. 


Loosen a Set Screw and Look at the Shaft it’s Pressing Against. 


Has The Set Screw Made A Full Circle Impression? 


To obtain the maximum resistance to rotation 
and sliding movement, a set screw must bear 
evenly on the shaft. Allenpoint Set Screws repro- 
duce a full circle pattern against their mating 
surface for increased holding power. Even on 
shafts of small diameter you get a full circle 
impression with the smaller cup point of Allen- 
point Set Screws. 


Has The Point Left An Uneven Ridge Around The Indentation? 


The holding power of a set screw will be 
greatly reduced if the bearing surface is rough 
and irregular. Serrated point set screws cut into 
the shaft, raising a chip, removing stock and 
weakening their grip. Allenpoint Set Screws 
press firmly into the shaft and form a smooth, 
deep indentation. The result is holding power 
that tops any other type point. 


WHEN ORDERING THROUGH YOUR LOCAL INDUSTRIAL DISTRIBUTOR, SPECIFY ALLENPOINT SET SCREWS 


For additional information contact your Allen Distributor or write to — 
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Heli-Coil* Screw Thread Inserts Are Your Answer To Almost Every Threaded Fastening Problem — 
Here's How They Enable You To Improve Product Design And Cut Costs — 


Use Heli-Coil Inserts, and you get unparalleled 
strength in threaded assemblies. 


Use Heli-Coil Inserts, and you can use fewer, 
smaller, shorter screws, bolts or studs, smaller 
bosses or flanges. 


Use Heli-Coil Inserts, and you have permanent 
thread life — positive protection against stripping, 
vibration and wear. 

Use Heli-Coil Inserts, and your threads are for- 
ever free from galling or seizure, unaffected by 
corrosion. 





HERE ARE THE FACTS 


Whot HELI-COIL Inserts ARE — Precision-formed coils of stainless 
steel or phosphor bronze wire having a diamond-shaped cross- 
section. They line the tapped hole and present a strong, accurate, 
standard internal thread to the screw or stud. Heli-Coil Inserts 
are made for Class 2, 3, 2B or 3B applications in National or 
Unified threads, for automotive and aviation spark plug threads, 
and for straight and taper pipe threads. 

Where To USE THEM — Most importantly, wherever threaded fas- 
tenings are necessary in relatively soft materials — aluminum, 
magnesium, wood, plastics. 

Whenever screws must frequently be removed or replaced. 


Wherever there is any danger of thread failure due to stress, 
vibration, fatigue, corrosion or wear. 


Wherever you want to increase strength of fastening without 
increasing weight or bulk. 

HOW You Install Them — It's easy. Drill the hole. Tap it with a 
Heli-Coil tap. Then wind the insert into the hole with a hand 
or power inserting tool. 


What HELI-COIL Inserts mean 
to the Design Engineer 


You can use shorter, less bulky thread engagements, conse- 
quently lighter bosses and smaller flanges. You can eliminate 
costly solid bushings. No staking is required. You eliminate 
secondary machining operations. Often you can use cap screws 
in place of stud- or bolt-and-nut assemblies. 


Heli-Coil Inserts require much less space than other types of 
bushings. They are up to 75% lighter in weight than solid bush- 
ings. They assure added strength for any tapped thread, even 
in short thread engagements. You eliminate thread wear, 
minimize fatigue. 

These proven, precision inserts offer you a world of possibilities 
for product improvement at low cost. 


SALVAGE AND REPAIR 


Threads improperly tapped on production lines can be repaired 
quickly and inexpensively simply by re-drilling, tapping and 
winding in Heli-Coil Inserts providing a better-than-original 
thread of original thread size. Thus, for a few cents, costly 
material is salvaged without interruption to production; no 
need for over-size studs or cap screws. Threads stripped or worn 
in the field can be repaired quickly and easily the same way. 


HELI-COIL €3 CORPORATION 


EXAMPLES OF SUCCESSFUL PRODUCT 
IMPROVEMENT WITH HELI-COIL INSERTS 


INGERSOLL-RAND: 

Improved its Impactool with Heli-Coil In- 
serts in the aluminum housing which is 
subject to severe vibration. In addition, 
the housing was lightened, seizing and 
galling were eliminated. 





AIR REDUCTION CO.: 

Improved an arc welder design with 
Heli-Coil Inserts, using them to protect 
tapped threads in plastic and also 

to lock a bushing in place. 





AJAX ENGINEERING CO.: 
Overcame thread corrosion due to heat 
and magnetic influences in induction 
furnaces by using Heli-Coil Inserts. 





PROGRESSIVE WELDER SALES CO.: 


Reduced the weight of a product 
66% by using Heli-Coil Inserts 
in a special metal alloy. 





3 Ways to get started with... 
HELI-COIL INSERTS 


1 Ask your Heli-Coil Engineering Representative to discuss the 
* use of Heli-Coil Inserts to improve product design. There’s no 
obligation. 


2 Send for your free copy of Heli-Coil Catalog. 
* Contains design data, specifications, facts on 
Heli-Coil Inserts, Taps, Inserting Tools and 
gages, sizes and classes of fit. 
3 Get on the list for “Heli-Call’— a periodical re- 
* view of case histories — shows and tells you 
who uses Heli-Coil Inserts — and why. 





*Reg. U.S. Pet. Off. 996 SHELTER ROCK LANE, DANBURY, CONN. @ 
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New time-saving AMF Everlock 
pre-assembled screws and 


lockwashers. !n types, sizes and 
materials to meet your needs. 


fasten it and forget it... 


qul Another Product 


[o —— 


INDUSTRIAL FASTENERS 


Tight, vibration-proof fastenings—for tbe life of your product. 


New AMF Everlock pre-assembled screws and lock- 
washers give you both . . . fast, one-operation application 

and vibration-proof tightness. Everlock washers, with the 
exclusive alternating chisel edges, actually bite into the surface 
of both screw and part. Even under the most punishing 
vibration, Everlock fasteners stay secure—for good! 


Everlock locknuts spin down finger-free. After contact 


with work only 4 turn gives a sure, permanent 
6-way lock. Combine unequalled speed .of application 


with true vibration-proof performance. 
On your next order for fasteners, specify AMF 
Everlock—and fasten it and forget it. Sizes, types and 
materials to meet any specifications. 


'ERMINALS 


LOCKNUTS 
Plain and lock types. 


Both National fine and 
National coarse threads. 


THOMPSON-BREMER & COMPANY 


520 North Dearborn Street * Chicago 10, Illinois 
SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY CO., NEW YORK 


special types. 
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LOCKWASHERS 


Internal, external and 


Write for information or 
contact your nearest AMF 
Everlock Representative 


Kenneth D. Delanoy 
Dayton 3, Ohio 


Oscar P. Martin 
Lokewood 7, Ohio 


J. Ramsey Réese, Inc 


New York 7, New York 
M. Murphy 
Manchester, Connecticut 


Russell T. Brosius 
Philadelphia 3, Po 
Sam T. Keller 


Detroit 1] 


Michigan 
W. L. Barth, Jr 
Chicago 34 Minois 


W. McNeil 
T 
iexas 


onard F. Berg 


Paul 14, Minnesota 


»m Lundeen 


Moline, Illinois 


Forrest Moschner 


5t. Louis, Missouri 


A. J. Murphy 
DeWitt, New York 


Richard C. Dudek 


Beverly Hills, California 
P. L. Robertson 
Milton, Ontario, Canada 


Sam T. Gleaves 
Louisville 5, Kentucky 
J. J. Mcintosh 


Atlanta ó, Georgia 


Donald G. Teeling 
indianapolis 44, Ind 


Oregon Indus. Factors 
Portland 1, Oregon 


"EVERLOCK'" IS A REGISTERED TRADEMARK 
OF THOMPSON-BREMER & COMPANY 





When you think of C owe 
Special Sizes \ “<2 






THINK OF 


ee 


















heck these | 


MONEY SAVING 


BRASS NUTS 





< wa 









| 

ASSEMBLY-SPEEDING | 

(5 features/ | 
OVER SPECIAL STYLES PRODUCED! | / fas | 
(o Occo SUM . PED Il 

Along with a complete range of standard sizes, — Even if it isn't, you'll find thatit paysto have your — CLID | 


Fischer regularly produces over 1500 special specialcustom produced by Fischer. For,no matter 
styles of brass nuts, with over 140 different if it's a standard or a special, you always get the 
thread sizes. This means your special could be HIGHEST PRECISION, a LOWER PRICE 
a cost-cutting “STANDARD” ar Fischer's. and ON TIME DELIVERY from Fischer. 


@ BOTH SIDES | 
COUNTER. —— 
SUNK. | 


CLASS 2 


THREADS 








@ CLEAN @ DEGREASED 













PRECISION MEETS OR EXCEEDS AN- 
340, 341, 345 SPECIFICATIONS 


Fischer’s Fastening Experts 


To help you build a better product at lower cost we 
make available a complete staff of fastening experts. 
Our representatives cover all the principal cities of 
the United States and Canada. They, along with 
our engineering staff at the factory in Cincinnati, 
will be glad to assist you with any fastening prob- 
lem without obligation. 





FOR IMMEDIATE 
INFORMATION 
Check our 16 page 
Catalog in Sweet's 
Product Design File. 








Free copies of our 
Catalog available on 
request. 







FISCHER SPECIAL MFG. CO. CINCINNATI 6, 0. — ——— 


Bell System Teletypewriter C1-448-U + Telephone Woodburn 1280 * — Western Union — TFI 
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One B. F. Goodrich RIVINUT 


solves 3 fastening problems! 


niVET WAS NEEDED for doors of metal cabinets that 1) could 

be installed from one side only, 2) would serve as a nut plate 

for a knob attachment, and 3) could be installed after enameling. 
A B. F. Goodrich Rivnut proved the perfect answer. 


A flat-head Rivnut is inserted in the sheet metal door. Working 
from one side, one man can upset Rivnut in 2 seconds with easy-to- 
operate heading tool. Bulge formed in Rivnut shank grips the metal 
tightly. The knob of the catch is then threaded into the clean, still- 
intact Rivnut threads. Rivnuts are installed after enameling without 
marring the finish. 


This simple solution saved many man-hours on the job. If you 
have a fastening problem, why not put it up to Rivnut engineers? 
Write to The B. F. Goodrich Company, HD-5, Akron, Ohio. 


COUNTERBORE z 
Rivnut is threaded onto Rivnut is inserted, head 
pull-up stud of a manual firmly against work, tool 
ms Of pneumatic heading tool. s at right angles to work. 


—— 


i 
S SSS 


This cross-section shows the threads by which the Rivnut is 
threaded onto the pull-up stud of the heading tool. These 
threads are not injured by the heading operation and enable 
you to fasten to a Rivnut as well as with it. 


Ay 


a small hole, and can be installed after enameling without up stud, forming a bulge still clean and intact, ready 


The Rivnut provides a large bearing surface, requires only Tool lever operates pull- After upset, threads are 
marring the finish. m in the Rivnut shank. m for screw attachment. 


B.E Goodrich SEND NOW 


FOR FREE RIVNUT 


| DEMONSTRATOR 
Shows with motion how Riv- 

' nuts work. Explains construc- 
tion, gives proved applications. 


š à 2 : Write to The B. F. Goodrich 
The only one-piece blind rivet with threads Co., HD-5, Akron, Ohio. 
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Uniform 
Class 3 Fit 


BOLTS 
NUTS 
STUDS 


TITANIUM 
* Carbon Steel 
* Alloy Steels 
® Stainless Steels 
* Silicon Bronze 
* Naval Brass 
* Monel Metal 
You can depend on 
a uniform Class 3 
fit if required 
when you specify 
Pawtucket 


threaded 
fasteners. 


Standard items 

or specialties — 
all Pawtucket 
products are 
accurately made in 
standard dimensions 
or to your 
specifications, Heat 
treating with 
precision-controlled 
modern equipment. 


WHAT’S YOUR CLAMPING PROBLEM? 


WITTEK 
HAS THE ANSWER 


Here is a selection from among the 
many different types and sizes of hose 
clamps designed and manufactured by 
WiTTEK. Whatever the hose connect- 
ing problem, it’s a safe bet that WITTEK 
(leader for over a quarter century) has 
the exact type and size clamp to do the 
jobright! Let WiTTEK help solve your 
clamping problems. Write today. 


Hum 


— 


BETTER BOLTS SINCE 1882 


PAWTUCKET 


MANUFACTURING COMPANY 
WITTEK MANUFACTURING COMPANY WM + s. 


4338 West 24th Place « Chicago 23, Illinois T.M. REG. 
"The Bolt Man" 
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TO FASTEN IT BETTER AT LESS COST... 


START NELSON STUD WELDING 
IN THE BLUEPRINT STAGE! 


YOU'LL FIND NELSON STUD WELDING OFFERS YOU 
AN INFINITE VARIETY OF NEW, IMPROVED PRODUCT 
DESIGN POSSIBILITIES... SPECIFICALLY: 


[] REDUCED WEIGHT 
[] GREATER STRENGTH 


[] CLEANER EXTERIOR DESIGN 
[] ELIMINATE DRILLING, TAPPING 
[] LEAK-PROOF CONSTRUCTION 
[] SIMPLIFIED ASSEMBLY 
"NELSON —<= = [J FASTER PRODUCTION 
Jd pem lt | | [] LOWER COST 


d ute 


COST SAVER KIT FOR PRODUCT 
DESIGNERS includes Wall Chart of 
standard and Special-Purpose Studs, 
Design Manual, and Catalog. 

Send for yours today. 

Use coupon below. 


NELSON STUD WELDING 
Division of Gregory Industries, Inc. 
2725 Toledo Avenue, Lorain, Ohio 


Gentlemen: [) Please send me your Cost Saver Kit. 
C] Please send sample of welded Nelson Stud. 


NELSON Stud Welding Nome 


Division of Gregory Industries, Inc. Compony 
Lorain, Ohio | Address b 


State 
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"Marsden" locknuts. 


special fasteners 12 POINTER 
| Š Is made in comparable dimen 
by NATIONAL LOCK § :| ———u — 


fit your production aa ch Su 
picture SPECIAL TO YOUR 


SPECIFICATIONS 














4 “HUGLOCK” —SELF-LOCK- 
ING ONE-PIECE ALL-METAL 


NON-SEEZING 
STEEL NUTS 
FOR HIGH 
TEMPERATURES 


|) ANS | | "SEEZ-PRUF' P 


save time, 
labor, money 





«4 "MARSDEN" —THE FREE 
RUNNING LOCKNUT 


Many manufacturers have found National Lock 
the ideal source for their complete fastener 





requirements. National Lock is able to supply 

you with specific fasteners for specific jobs FINISHED 

...resulting in a saving of production time & HEAVY $ pe HEXAGON NUTS 
and material costs. Turn your fastener problems 

over to us. Our skilled sales engineers will 

recommend efficient, money-saving fasteners 


for your jobs. Order screws, bolts and all 
your interior and exterior hardware the 
simplified "All From 1 Source" way ... from 


€ "PLACE" BOLTS—ONE-PIECE 
SELF-LOCKING WITH 
DIAPHRAGM HEAD 


National Lock. Deliveries are dependable. 


OIL & WATER OIL AND WATER 
| | SEALERS $ SEALING 
š | COMPOUNDS 


Here are the types of fasteners that are described in 
our 160 page catalog which contains complete in- 
formation, specifications and engineering data . . . 
~ | | The *12-Pointer, which is described in a special 24 
| | page section, was designed to allow the use of thin 

| | wall socket wrenches for high torques and heavy 
es * | | drives, especially where tool clearance is a factor. 
distinctive hardware . . à | | Any or all of this information will be sent upon re- 


"ALL FROM ] SOURCE” | quest. 


* NATIONAL LOCK.. s 
E basket for — NATIONAL WManupacturer of Standard 


* BOLTS + HANDLES + PULLS 


4 


LE | 













CATCHES * HINGES aud Sbecéat */£ Pointer and 
S| MACHINE = #eragon Mute..." Huglock” 

NATIONAL LOCK COMPANY N [PRODUCTS < w<< ¿<< 
Rockford, Illinois 44245 Utica Rd., UTICA, Michigan 


vag 


w COMPANY 
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Design Change for Resistance Welding 
Improves Product, and Lowers Cost 


A design change of the cooling fin for their distribution transformer tank 
enabled Moloney Electric of St. Louis, Mo., to substantially increase production, 
improve their product, and lower fabricating cost with Sciaky resistance welding. 
Previously, an “L” shaped fin required two complete passes to arc weld. 

The quality of the weld and cooling efficiency of the fin depended upon 

a skilled arc welder. A design change to a “U” shaped fin permitted an unskilled 
worker to resistance seam weld two cooling fins with only one rapid pass. 

The seam weld maintained surface contact for maximum heat conductance, 
while providing twice the cooling area and reducing fabricating time and cost. 
For complete details write for R.W.A.W. Vol. 3, No. 7. 

The improved design of the cooling fins offers another fine example 

of Sciaky’s basic thinking—welders designed to do more useful work 

at lower operating cost with maximum reliability. 


Largest Manufacturers of Electric — — AK 
Resistance Welding Machines in the World E x 


4913 West 67th Street, Chicago 38, Illinois 


SHEET METAL, ALUMINUM, WOOD 
and PLASTIC ° Semi-Tubular Rivets: 


Provide maximum strength, with smooth roll 
clinch for general assembly work. For ap- 
plication when holes have been punched 
before setting. 


LEATHER, CANVAS and PLIABLE 
MATERIALS * Full-Tubular Rivets: 
Designed for use in these and similar ma- 


terials — cut their own way through the 
work — no pre-drilled holes are required. 


McGRAW-HILLAG 


LUGGAGE, CANVAS or FIBRE and 
PLYWOOD ASSEMBLIES, CLOTHING 


A. A strong economical fastener having 
wide applications in these fields. Also for 
combinations involving thin gage sheet 
metal. 

B. BAG STUDS: — Universally used in 
luggage trade. 

C. RIVET CAPS: — For appearance and 
added strength — rivets clinch inside of 


(i6. 


for PLASTIC, METAL, WOOD and FIBRE 


PERMA NUTS - SHOULDER RIVETS 
* DOUBLE END RIVETS > and various 
other special fasteners. 


AUTOMATIC RIVETING MACHINES 


The Tubular Rivet & Stud Company has a 
wide selection of Automatic Feed — single 
and multiple setting—bench or floor models 
— pneumatic, motorized or foot powered 
machines. Standard models or Special 


whatever „AN 
design — to your work. SPECIAL ENGI- your 


NEERING SERVICE. Send us your blue- 
prints or sample assembly. Production 
surveys made — rivet and machine recom- N 
mendations — no obligation. Write to | Equipment Manuals — Product Cata- 


Tubular Rivet, Dept. PH. logs - Handbooks — Training Aids — 
| Industrial Relations Literature — Pro- 
| cedural Guides — Engineering 
| Presentations — — — and any type of 
| technical literature 


publication needs... 


use our specialists in — — — 
š | WRITING . . . EDITING 
COMPANY ILLUSTRATING . .. PRINTING 


McGRAW-HILL 


BRANCH OFFICES: Buffalo, Chicago, Dallas, Detroit, Indianapolis Technical Writing Service* 
Los Angeles, Nashville, New York City, Philadelphia, San Francisco, St. Louis | 330 West 42nd St., N.Y.C. 36 
LOngacre 4-3000 
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Precision fastening for every need 


basic types 


INVERTED 


#5000 
(internal) 


#5100 
(external) 


#5008 
(internal) 


#5108 
(external) 


Tapered design principle permits 
rings to maintain constant circu- 
larity and pressure against bot- 
tom of groove. 


Inverted construction provides 
uniform protruding shoulders 
while maintaining constant circu- 
larity when installed in groove. 


#5133 * 5103 * 5107 


* 5001 
(internal) 


* 5101 
(external) 


*5002 
(internal) 


#5102 
(external) 


Bowed construction permits re- 
silient take-up of end-play. 


Beveled construction permits 
rigid take-up of end-play. 


#5105 #5305 


Waldes TRUARC Retaining Rings 


| 
| 


#5131 (bowed) (externol) 'external) (external) (external) 


Radially applied. 
Provides large 
shoulder on small 
shaft diameter. 
Bowed version pro- 
vides take-up of 
end-play. 


Applied radially 
over shaft. Secure 
against impact and 
vibration. 


Two-piece ring ap- 
plied radially. Se- 
cure against 
extremely high 
r.p.m.'s and heavy 
thrusts. 


Installed axially. Requires no groove 
Recommended for permanent assem- 
blies exposed to r:latively moderate 
thrusts, impacts or vibrational 
loading. 


Low cost retainer. 
Makes possible 
tight assemblies 
free of end-play 
on relatively soft 
shafts. 


Flattens under 
torque. Secures 
equal load distri- 
bution.  Replaces 
lock washer on 
screw. 


Applied axially on 
shaft. Requires no 
groove. Exerts con- 
siderable frictional 
hold against axial 
displacement. 


You can cut costs all along the line — in material, as- 
sembly, and maintenance — when you use Waldes 
Truarc Retaining Rings. They are precision engineered 
to hold parts together securely and accurately... are 
quickly and easily assembled and disassembled. Wher- 


For help in refining your present designs to take 
advantage of Truarc savings, send your blueprints to 
Waldes Truarc engineers for individual attention. 
There's no obligation. 

Waldes Truarc Retaining Rings are available for 


ever you use machined shoulders or conventional fas- 
teners, there's a Truarc ring which will do a better job. 


immediate delivery from stock, from leading ball bear- 
ing distributors throughout the country. 


For precision internal grooving and undercutting ...Waldes Truarc Grooving Tool 


SEND FOR NEW CATALOG È 


Waldes Kohinoor, Inc., 47-16 Austel Pl., L. |. C. 1, N. Y. 


Please send me the new Waldes Truarc Retaining 
Ring catalog. 
(Please print) 


REG. U. S. PAT. OFF. 


RETAINING RINGS 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 


WALDES TRUARC RETAINING RINGS AND PLIERS ARE PROTECTED BY ONE OR MORE OF THE 

FOLLOWING U. S. PATENTS.2,382.947. 2.382.948. 2.416.652; 2.426.341; 2.439.785, 2,441,846 

2.485.165, 2.420,04!. 2,483,380. 2.483.383. 2.487.802. 2.40*,803. 2,491,306. 2.509.008! 
AND OTHER PATENTS PENDING. 


—— mud 
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| for te of ie yol, HAM makers? 
2 


Both parts were designed to do the same job—serve as a 
stud in sun-visor assemblies. The machined part formerly 
used (at left) cost over $26.00 per thousand, and the hard- 
ness of its screw stock caused difficulties in assembly. 
The Milford cold-formed part now used (at right) costs 
about $15.00 per thousand. Made of more ductile metal, 
it "peens over" far faster during assembly. 

Many firms experienced in cold-forming were called in on 
the problem. But only Milford was successful in holding 
the critical tolerances required, and in cold-forming the 
part without "ridges" on the smooth semi-spherical section. 
Thanks to Milford cold-forming know-how, the manufacturer 
now saves over $60,000 a year on the part alone. The savings 
from speedier assembly represent a free, extra dividend! 


How can THOUSANDS be saved in YOUR plant? 


1. Have small parts cold-formed. Precision-made with low-cost dies 
at highest speeds from wire stock without scrap or waste, cold- 
formed parts are usually better, almost always cost less! 


2. Step up speed of assembly. Take advantage of today's vastly im- 
proved versions of the rivet-setting machine. It puts parts together 
automatically — far faster — at far lower cost. 


3. Apply both factors and compound your savings. Milford’s long ex- 
perience can pay off for you now ... on products you’re making 
or planning to make. Save most by calling Milford before designs 
are frozen. That’s when costs can be cut most — for least! 


ILFORD RIVET & MACHINE CO. 


MILFORD, CONN. +» NORWALK, CALIF. + ELYRIA, OHIO + AURORA, ILL. * HATBORO, PA. 


T 


The Milford Rivet & Machine Co., Milford, Connecticut 


C Show me how you can cut my costs. Here are samples and/or blueprints of parts we use or plan 
to use, We may need as MANY GS. annually. Quote on this Quantity: — 

C] Please feel free to suggest design changes for greater economy. 

[] Send me full literature on cold-forming and its cost-cutting possibilities. 


Nome 2 p Company 


Address " » E 


Catalogs 


and 


Bulletins 





| Request additional information using 
postcards following page 24 


(S-1) SELF-CLOCKING NUTS — 
| Standard Pressed Steel Co., Booklet 
| 866, pp. Describes the regular 
| height nut, the thin nut, the clinch 
| nut, and the external wrenching nut. 
| Sizes up to 1 and 2 in. Nuts do not 
| have to seat to lock and can be used 
[as stop nuts. Steel nuts used up to 
[550 F, and corrosion resisting steel 
| nuts up to 750 F. 


(S-2) WASHERS — Joliet Wrought 
| Washer Co., Catalog, 8 pp. Has tables 
| listing types and sizes of various wash- 
| ers available, including: wrought wash- 
|ers; SAE washers; riveting washers; 
| machine screw sizes; light steel wash- 
| ers; fender washers; wide and narrow 
rim mild steel machinery bushing 
washers. Plus proposed American 
Standards for apparatus washers, and 
other helpful data. 


(S-3) HIGH TEMPERATURE AD- 
HESIVE—Narmco Resins & Coatings 
|Co, Bulletin NRC-504, 2 pp. Has 
application, curing, surface prepara- 
tion data and test results of the Metl- 
bond 4021 adhesive. Tensile shear 
values of 2,000 psi at 260 F after 100 
hours were exhibited. 


(S-4) LOCKNUTS—Security Lock- 
nut Corp., Bulletin, 8 pp. Illustrates 
|a large variety of locknuts for every 
purpose for NC, NF, or special 
threads. Complete dimensions and 
specifications for all types from 74, up 
to 3 inches. 


(S-5) WIRE THREAD INSERTS— 
Heli-Coil Corp. Bulletin 652, 22 pp. 
| Data on the uses of thread inserts in 
design and maintenance. Has new 
specifications covering class 2, 2B, 5, 
and 3B fits. Photographs, line draw- 
ings, and tables explain the use of 
inserts in all materials. Also insert 
specifications on various thread series. 
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FLAT TYPE 
One-piece self-locking spring 
steel fasteners. Replace 
threaded nuts, lock washers 
or spanner washers. Avail- 
able in a wide variety of 
shapes and screw sizes. 


SEAL Mm th 
— 


LATCH TYPE 


Easily applied by hand, are 
self-retained in bolt-receiv- 
ing position at center panel 
locations for blind attach- 
ments. Front mounting types 
are also available. 


HARNESS CLAMPS 


Open or close by hand — no 
tools needed. Attach to panel 
or pre-assemble to harness 
before installation. Cush- 
ioned to protect wires. Can- 
not open accidentally. 





PUSH-ON 


Zip over unthreaded die cast 
or plastic studs, rivets, nails, 
tubing, or wire to lock parts 
securely. Removable types 
available in many sizes. 


EXPANSION TYPE 


For lightning-fast attach- 
ments in blind locations. 
Snap into mounting holes by 
hand. Screw spreads spring 
fingers, wedge-locks part in 
position. Secure, vibration - 
proof attachment. 


ANGLE BRACKETS 


Combine bracket and fastener 
to reduce number of parts, 
speed up assembly and 
strengthen the structure. 
Variety of shapes and sizes. 


"J" TYPE 
Snap over edge of panels and 
into center hole locations. 
Hold themselves in place for 
blind assembly. Full range 
of panel thicknesses and 
screw sizes available. 


TUBULAR CLIPS 


For use with unthreaded 
studs or rivets. Virtually 
“nails” panels together where 
there is access to one side 
only. Permanent lock or 
removable types. 


M 
(QU 


HOSE CLAMPS 
Self-locking, ratchet-type 
design, one-piece low profile 
construction — no bolts, nuts 
or thumb screws. Fast and 
easy to apply and remove 
for medium- and low- pres- 
sure connections. 


"U" TYPE 
Perform same function as 
“J” type for reduced materi- 
als handling. Used where full 
bearing on lower leg of the 
SPEED NUT is required. 


CABLE, WIRE, AND 
TUBE RETAINERS 


Snap in place by hand, self- 
retained in position toreceive 
wide range of cable, wire and 
tube sizes. Easily removed 
for service or re-location. 


NUT RETAINERS 


Retain square nuts in blind 
locations. No welding, clinch 
ing, staking —snap in by 
hand. Provided in a wide 
range of screw sizes. “U” and 
“J” type retainers available 


Engineer Savings into your products 
with SPEED NUTS* — The Fastest Thing in Fastenings !^ 


Assembly cost savings from 30% to 
75% ... increased product quality ... 
reduced materials handling . . . far 
less field service problems. These are 
a fewof the reasons why more and more 
manufacturers are specifying SPEED 
NUT brand fasteners. Write today for 
your copy of "Savings Stories"—a 


MORE THAN 8000 SHAPES AND SIZES 


book full of cost-saving fastening reports. 
'TINNERMAN PRODUCTS, INc., Box 6688, 
Cleveland 1, Ohio. In Canada: Dominion 
Fasteners Ltd., Hamilton, Ontario. 
In Great Britain: Simmonds Aeroces- 
sories, Ltd., Treforest, Wales. In France: 
Aerocessoires Simmonds, S. A., 7 rue 
Henri Barbusse, Levallois (Seine). 


ED: 











STAINLESS 


All types ond sizes of screw; a] 
(slotted, Phillips, socket, hex Zt. 


head), bolts, nuts, washers, Ze 
rivets, keys and pins 4 
















E er 9000 items in stock means immediote de- 
š livery from one source 

s © New Gorden City plont now operating oat top 
speed ond quolity 

© Unsurpassed focilities for quantity fabrication of 
specials 

* A staff of seasoned engineers always availoble 
for consultation 


* Pioneers in the manufacture of stainless steel 


fosteners 
WRITE NOW FOR FREE COPY OF 
FASTENER MANUAL P18 


MANUFACTURERS 1929 


SINCE 





SCREW PRODUCTS COMPANY, INC. 
GARDEN CITY NEW YORK 


From Precision 

Instrument Screws 
... fo Accurate 

Metal Parts... 


COMPLETE modern plant for design, 
development and production of close 
tolerance screw machine products in 
any metal, any shape, any quantity — 
diameters up to 15$" o.d. 


* Specialists in fine threads, intricate 
production, precision screws. 


Send blue prints or samples for free 
estimates. 


SERVING 
AMERICAN MANUFACTURERS 
SINCE 1893 


WALTHAM SCREW COMPANY 


85 Rumford Avenue, Waltham 54, Massachusetts 
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Catalogs and Bulletins continued 


(S-6) SELF-LOCKING FASTENER 
—Elastic Stop Nut Corp. of America, 
Catalog 800, 16 pp. Has engineering 
specifications for the rollpin, a slotted 
and chamfered cylindrical spring pin. 
It is compressed as it is driven into a 
hole, exerting pressure against the 
sides to prevent loosening by vibra- 
tion. Charts list sizes available and 
various dimensions of pins; recom- 
mended hole tolerances; removal 
forces; and illustrations of assembly 
applications. 


(S-7) INDALLOY SOLDERS—The 
Indium Corp. of America. Handbook, 
60 pp. Has information on intermedi- 
ate Indalloy solders, the physical prop- 
erties of Indalloy solders, characteris- 
tics of various metals alloyed with 
Indium, and phase diagrams of Indium 
with other metals. Includes a number 
of photomicrographs, and many tables 


giving the properties of various Indi- 





um alloy solders. 


(S-8) FASTENERS — The  Mac-lt 
Parts Co. Booklet, MC-20M, 32 pp. 
Shows a complete line of cap screws, 
set screws, shoulder screws, hollow- 
pipe plugs, and mining machine 
screws. Complete data on physical 
characteristics and American Stand- 
ards Association dimension standards 
are included to give accurate specifica- 
tion and engineering. In addition, all 
specifications on the various point 
styles of hollow set screws have been 
combined into one chart. Has many 
photographs, cross-sectional diagrams, 
and charts. 


(S-9) PLASTIC RIVETS—Shake- 
proof, Div. of Illinois Tool Works. 
Brochure, 12 pp. Describes and illus- 
trates types of products and applica- 
tions in which these plastic self-ex- 
panding rivets are used. Included are 
tables of dimensions of standard rivets 
and grommets, hole size recommenda- 
tions and data on strength and other 


| properties. 


(S-10) BRACKETS & SUPPORT 
CLAMPS—Thomas Associates, Cata- 
log, 64 pp. Covers the complete line of 
40,000 types and sizes of bare metal 
and cushioned line support clamps; 
wire harness clamps, and multiple sup- 
port clamps. Has 114 detailed prints 
and complete specifications covering 
materials and finishes in aluminum, 
steel and stainless steel, in a range of 
sizes from Y@ to 6 inches. 
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MEW LINCOLN FLAMT CaFATH Y INCENTIVE- INSPIRO CO-ACTIOM IN DEVELOPING POSSIBILITIES IM FRODUCI 


Qu co 1954 


Welded Design Saves 50% on motor gear 
housing. Original cast construction weighed 


IN WELDED STEEL 
IS ALWAYS LOWER 


Once Cost $22.39. . . Now Costs $12.27 


Base for machine now stronger... more 
| rugged yet weight is cut from 67 pounds to 43 
pounds. 


Material Cost is Less—It’s a fact... steel is three times stronger 
than iron, two and a half times as rigid. Where strength alone is 
needed, one-third the metal is necessary. When rigidity is impor- 
tant, less than half the material is required. But steel costs only one- 
third as much per pound. Steel is more easily placed where it can 
carry more load per pound of metal. As a result, ultimate savings 


with steel are limited only by the resourcefulness of the designer. Cost Down 57% on machine stand by 


Manufacture is Simpler—Fewer manhours... simpler, less — — steel * eliminates mill. 
š ing and drilling on former castings 
costly production tools are needed to manufacture products from 
steel. By proper design, many operations needed for machining E 
castings can be eliminated entirely. Assembly operations can be : 
simplified . .. finishing and cleaning manhours reduced substantially. 
Products designed in steel have a modern appearance to improve 
selling appeal while reducing costs on an average of 50% accord- 
ing to field reports. 


HOW TO START 


A COST REDUCTION PROGRAM C — — 
Your Lincoln Representative is a specialist in t — — — 


welded design. We will gladly assist your engi- 
neers in restudying designs to determine where 
and how welded steel can save an average of 
50% in the manufacture of your products. Call 
or write. Design Bulletins available to product 
engineers by writing on your letterhead to 


tue LINCOLN ELECTRIC company 


Dept. 1307 
CLEVELAND 17, OHIO 
THE WORLD'S LARGEST MANUFACTURER OF ARC WELDING EQUIPMENT 
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Eliminates Scrap, saves 21 pound's of material 
on each machine frame. Costs 33% less to 
manufacture by use of square tubing and arc 


welding. 











THERE'S A 


WOOD ILAUNYD 


WELDING NUT 
FOR EVERY SIZE JOB! 


For Fabricating, Fastening, and 
Assembling Metal Parts... Mid- 
land Welding Nutsare the Answer! 











No matter what your product- 
whether big or small—if there’s metal 
fabricating, fastening, or assembling 
involved, chances are you can use 


Midland Welding Nuts to big advantage. 


Now relied on by manufacturers the 
world over—and specified universally 
by product designers—Midland Weld- 
ing Nuts will lower your assembly costs 


and speed up operations all along the 
line for you. 










































































Write or phone for 
complete information. 

















THE MIDLAND Pree PRODUCTS CO. 


6660 Mt. Elliott Avenue Detroit 11, Michigan 
Export Department: 38 "d St., New York, N.Y. 























Manufacturers of 


AUTOMOBILE AND AIR AND VACUUM AIB AND ELECTRO-PNEUMATIC 
TRUCK FRAMES POWER BRAKES DOOR CONTROLS 
































| 





Catalogs and Bulletins continued 


(S-11) WELD FASTENERS—Penn 
Engineering and Mfg. Co. Catalog 
describes self-locating weld fasteners 
of steel and stainless steel These 
fasteners which provide load bearing 
threads in sheets too thin to thread, 
are designed to eliminate burn-outs 
in thin sheets, complicated electrodes 
and pilots, indexing and retapping 
to remove weld splatter. Catalog shows 
design features which overcome these 
common shortcomings and gives perti- 
nent dimensional and engineering spe- 
cification data. 


(S-12) RIVETING HINTS—The Hi- 
Shear Rivet Tool Co., 3rd Edition, 60 
pp. Completely illustrated, explaining 
each step, it describes the hi-shear 
rivet, materials used, dimensions, hole 
preparation, riveting gun hints, rivet 
removal, and other information. 


(S-13) HEAVY DUTY LATCHES— 
Simmonds Aerocessories, Inc. Portfo- 
lio. Contains full scale drawings and 
data sheets on 18 different heavy duty 
structural latches for aeronautical and 
industrial use. A cowling latch, tested 
for loads up to 7,500 Ib, and an access 
latch for loads up to 5,000 Ib are some 
of the types conforming to military 
specifications. 


(S-14) FASTENERS—South Chester 
Corp. Catalog B2, 24 pp. Has a sec- 
tion devoted to each of seven different 
fastener types; screw fasteners, blind 
rivets, adjustable pawl fasteners, door 
latches, spring-grip fasteners, anchor 
nuts, and door-retaining springs. Each 
has photographs, drawings, tables of 
dimensions, and list of many possible 
applications. 


(S-15) ADHESIVES, COATINGS, 
SEALERS—Minnesota Mining & Mfg. 
Co. Booklet Z-APM, 12 pp. Typical 
applications of adhesives, coatings, 
and sealers in the aircraft industry are 
illustrated and described in sections for 
each product group. The coatings are 
classified under: corrosion resistant, 
rain erosion resistant, strippable, and 
special. Adhesives for aircraft are 
listed: general purpose, fuel cell re 
pair, high temperature, honeycomb 
sandwich, and metal-to-metal. 
(S-16) FLUSH LATCHES—Hartwell 
Co. Catalog, 48 pp, illustrates and 
describes dimensions, assembly, in- 
stallation, combinations, parts list. 
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Illustrates positive adjust- 
ment of spring compression 
with the "Nylok" Nut. 


Republic “NYLOK” Nuts stay tight 
wherever you stop wrenching 


The nylon plug in the side forces the nut tight against the 
opposite threads as the nut is turned on. You get positive lock- 
ing wherever you stop wrenching even under severe vibration. 
Republic "Nylok" Nuts go on easily. Either end is up. No 
special tools, lubricants or techniques are needed. "Nylok" 


Nuts can be backed-off easily, too, and can be re-used. 
Write for samples, indicating sizes required. 


12 WAYS BETTER 


Assemble from either end e Can be re-used «e Non-galling e Best wrenching 

characteristics e One-piece e Cold-forged « Won't damage threads e No 

special tools e Lock in any position e No special know-how e No lubri- 
cants needed e Ideal for mechanical feeding 


SIZES 


Finished Series tapped 4” through 1” 
Finished Thick Series tapped 4” through 4” 
Heavy Series tapped 4” through 1” 


REPUBLIC STEEL CORPORATION 
Bolt and Nut Division * Clevetand 13, Ohio 
GENERAL OFFICES . CLEVELAND 1, OHIO 
Export Department: Chrysler Bldg., New York 17, N. Y. 


Here's how the "Nylok" principle works R s | UB Í | C 
A nylon plug inserted in one of the sides of 

the cold-forged nut forces the nut tightly 

against the opposite threads as the nut is 


turned on; 9 1 
*U.S. Pat. No. 2,462,603 aad No.2,450,694 and pend- 


ing applications. 
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thee NYLOK 





will solve your fastener problems 


at Lower Costs! 


NYLOK one-piece self-locking fasteners 
cut manufacturing and maintenance 
costs, give a better fastening, and im- 
prove product appearance. That's be- 
cause NYLOK fasteners eliminate costly 
safety wiring, lock washers, jam nuts and 
other "extras". 


The NYLOK principle* locks threads se- 
curely in any position, seated or unseat- 
ed. The resilient nylon plug provides a 
smooth wedging action which is vibra- 
tion-proof and will not mar mating sur- 


e “HOW NYLOK LOCKS e 


Resilient nylon pellet (A) sets up lateral 
thrust, smoothly wedging 
mating threads together (B). 
All of locking action is 
on the threads; head is 
not stressed. Locking is 
positive, seated or un- 
seated. Provides leak- 
proof seal where liquids 
are involved 


For full specifications 
and details of service 
approval . 

















faces. It provides a leak-proof seal where 
liquids are present. 


ONE-PIECE NYLOK CONSTRUCTION 
eliminates expensive extra locking parts, 
is always there so can't be left out or 
forgotten. This construction also means 
that NYLOK fasteners give you faster, 
easier assembly time. NYLOK fasteners 
can be re-used many times. 


@ Let NYLOK engineers help you solve 
your fastening problems. Write, stat- 
ing your needs and NYLOK engi- 
neers will make recommendations at 
no obligation. 


e HOW NYLOK SEALS 


When the fastener is 
seated, one flank of 
the mating threads is 
in bearing. Therefor, 
liquids can only follow 
the helical path of the 
threads, and this heli- 
cal flow is effectively 
dammed by the nylon 
pellet. 


Manufacturers of Nylon-Locked fasteners covered by U.S. patents and patents pending 


Main Offices and Factory — Elmira Heights, N. Y. 


Offices in: 
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New York City e 





Detroit @ Chicago @ North Hollywood 


Catalogs and Bulletins continued 


(S-17) FREE RUNNING LOCK- 
NUT—Klincher Locknut Corp. Book- 
let, 4. pp. Colored illustrations show 
the locking operation of a locknut that 
can be reused many times. Made in 
various materials and will withstand 
temperatures up to 1600 F without 
thread seizure. Thread sizes from 4-40 
NC-3B up to 1-8 UNC-3B. 


(S-18) SET SCREWS—Set Screws & 
Mfg. Co., Catalog 16, 22 pp. Has 
complete specifications and dimensions 
on: hexagon socket set screws; slotted 
headless set screws; fluted socket set 
screws; hexagon keys; pipe plugs; 
socket head cap screws; stainless steel 
set and cap screws; self-locking set 
screws; hexagon head set screws; 
slabbed head set screws; and special 
products. 


(S-19) GLASS SEALS—Stupakoff Ce- 
ramic & Mfg. Co. Bulletin 453, 36 pp. 
Data on alloy-glass terminals for her- 
metic sealing. Not mechanical com- 
pression seals, but bonded by the 
chemical interaction of the oxide of 
Kovar fused with boro-silicate glass. 
Has information, illustrations, and 
specifications for a variety of terminals. 


(S-20) WASHERS—Joliet Wrought 
Washer Co., Catalog 54, 12 pp. Has 
illustrations and listings of all kinds 
of washers. Included are: standard 
wrought washers; special washers and 
finishes; machine screw washers; ma- 
chinery bushing washers; malleable 
iron, beveled, lock washers; square 
washers; expansion plugs. Other data 
are: standards for plain washers; pro- 
posed standards for apparatus use; and 
weight and diameter chart. 


(S-21) METAL MOULDINGS—Pyr- 
amid Mouldings Inc. Booklet W5- 
25M, 20 pp. Completely illustrated 
with the many types available, it gives 
all necessary data for a line of snap-on 
mouldings; nosings, coves and edg- 
ings; card guides and trim rings; chan- 
nels, angles, dividers, tees; special 
shapes; end closures; and supplemen- 
tary operations. 


(S-22) INDUSTRIAL ADHESIVES 
AND COATINGS—Minnesota Min- 
ing & Mfg. Co., Booklet, 8 pp. A 
guide to the selection of industrial 
adhesives, coatings, and sealers ar- 
ranged to permit the selection of the 
product best suited for the application. 
Illustrations show a variety of uses 
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What is COLD HEADING? 


Sometimes it's called cold forging. Cold 
Heading is a method of producing special 
forms from coiled wire. These forms may 
be rivets, studs, hinge pins, screw blanks, 
and other shapes and forms requiring qual- 
ity, strength and economy. 


Advantages of COLD HEADING 


1. Lower cost of raw material 


2. Better structural strength of finished 
part 


3. High speed production 


4. No scrap loss 


HELPFUL 
INFORMATION 


1. Large decimal equivalent 
wall chart 


2. Our big catalog 


Either one or both are yours 
for the asking. 






JOHN HASSALL, m. 


HASSALL 


P. O. Box 2233H 


Westbury, Long Island, N. Y. * 
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ESTABLISHED 1850 





SPECIAL RIVETS 


Let us quote you on your special rivet requirements. A spe- 
cial rivet will do a better fastening job on your assembly, 
possibly improve the quality of the assembly, and lower 
your parts and assembly cost. 





EN = 


| — 
s — 


— 


— 
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SPECIAL THREADED PARTS 


The accompanying illustrations show types of special 
threaded parts Hassall has made to order. Often new de- 
signs or added features are suggested by Hassall to im- 
prove the function of threaded parts or to lower cost. 
We suggest that you write us regarding your particular 
problem. We may be able to help you. 
















SPECIAL NAILS 
A nail specifically designed for your needs is sound econ- 
omy if its use improves your product. Special heads, points, 
collars, diameters, barbing, threading, metals and finishes 
may make a nail do a better job in your assembly. Send a 
description or sketch. We will gladly send our quotations 
or recommendations promptly. 


We are, of course, equipped to do all secondary opera- 
tions such as fluting, knurling, swaging, slotting, rehead- 
ing, threading, drilling and plating. 

We work in any metal and whether your run is large or 
small, ask for a quotation. 


—À 
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HARTWELL 


) 4 
47 Push Button 





& A new latch development for modern 
equipment. Combines the desirable features 
of push button operation with the positive 
simplicity of trigger action in a small, rugged, 
lightweight yet inexpensive flush latch. 
Available in many offset combinations 
for various door and frame thickness 
arrangements. Standard with or without 
gaskets in stainless steel or cadmium plated 
cold rolled steel. 


Write for new 48 page 2-color Catalog. 
( Illustrates and gives full details 
of complete line. 


HARTWELL 


COMPANY 

Manufacturer of Flush Latches and Hinges, 
Fittings and Cable Terminals. 

9035 Venice Boulevard, Los Angeles 34, California 


ANV B W À D ASSEMBLIES? 












A — Inner View, GRIPCO 
“Clinch” Nut ready to insert 
into hexagonal hole in metal. 
Shows “pilot” and hex hole 
before clinching. 






B— Cross-Section view after 
pilot has been clinched and 
bolt inserted. Can be locked 
ot any polnt. (Non-locking nut 
can be supplied if preferred.) 


| GRIPCO CLINCH NUTS 


The above typical application shows how GRIPCO “Clinch” Nuts are 
successfully used by famous makers of ranges and other appliances such as 
washers, dryers, refrigerators, freezers, room air conditioners, etc. In the 
example illustrated the GRIPCO “Clinch” Nuts serve a dual purpose; first, for 
crating, holding the product rigid in its container during shipment, with no 
possibility of bolts "backing out" and allowing the appliance to become 
damaged while shipping; and second, after installation, for holding the 
bolts which serve as feet that are adjustable for levelling. 


Do you have any application on which fastening must be made from a hard- 
to-get-at point; or do you need additional threading depth for applying 
bolts to thin metals? Investigate this method of firmly affixing GRIPCO 
“Clinch” Nut co the work so it is already in position when bolt is applied. 





Where Welding is Available — You may prefer to use 


GRIPCO Pilot Pro- "m or GRIPCO Coun- 
XX jection Weld Nuts tersink Weld Nuts 
Circulor pilot accur- The speciol counter 
ately positions nut in sink feature eliminates 
the bolt hole, for re the possibility of hot 
sistance welding. No metol particles lodg 
igs necessory. Two ing in the threads 
pilot heights for dif thus no retapping is 
erent gages of metol necessary 





6-Point SECURITY AGAINST FASTENER FAILURE 


GRIPCO LOCK NUTS 
1—Firmly lock on to bolt at any position. 
2— "Stay put" on bolt, in spite of vibra- 

tion, tension, etc. 

3— Positive locking action not due to any 
outside devices, but result of simple 
vertical thread deflection. 

4 —Oil or water do not affect Gripco 
locking action. 

5—Can be removed with a wrench and 
reapplied repeatedly without loss of 
locking action. 

6—Cost less because of simple design. 





Write for samples, mentioning types 
and sizes of nuts you use. 357 





GRIP NUT COMPANY 


308-J S. Michigan Ave., Chicago 4, III. 
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SIGMA WELDING 
BOOSTS STEEL 
FABRICATION 100% 


Average welding speed is 120 in. per minute— Once 


clamped, the parts are welded in less than }2 minute. 


Used as welded— Free from spatter and flux entrapment, 


the need for finishing is eliminated. 


Cut costs—Fewer production steps have made possible labor 


savings up to ?4 the former costs. 


Sigma welding is just one of the welding processes devel- 


oped by LixpE's research and years of experience. HELIARC, 





LINDE AIR PRODUCTS COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street [Tg New York 17, N. Y. 
Offices in Principal Cities 


In Canada: DOMINION OXYGEN COMPANY 
Division of Union Carbide Canada Limited 


“oe 


^ 1 
"Heliarc, 
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A manufacturer of steel truck 
casters has doubled his production 
from 400 to 800 units a day— 


by changing to sigma welding. 


sigma, and UNIONMELT welding form a top notch fabricating 
team which is now setting a new peak in industrial produc- 
tion. For small shops or huge production lines, from carbon 
steel to complex alloys and non-ferrous metals—there is a 
LINDE electric welding process to do the job efficiently and 
economically. Your local Linde representative will help you 
determine the best welding process for your job. Call him 


today for more information. 


Unionmelt” and “Linde” are registered trade-marks of Union Carbide and Carbon Corporation. 
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FASTER 


LOWER 


| t PINS 
POSITIVE h 


ANCHORING B DRIV-LOK Pins are responsible for 
won't come | great economies and product 
loose improvement in thousands of ap- 
plications. For machinery, finished 
products, components and sub-assem- 
blies, DRIV-LOK Pins offer definite 
advantages in time, labor and cost 
savings. We can help you better if 
you will write, giving us the nature of 
your problem. Catalog and Samples 
sent without obligation. 


P 















STANDARD 


TYPES 
a type for 
every need. 










Uu 


Type A — B Type C Type D Type E 
Also Types F and G 


r WRITE FOR. DRIV- NI PIN COMPANY 
CATALOG 723 Chauncy Street Sycamore, Illinois 


eL * 
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Time and Money Savers 
for your Assembly Line! 












FOR EXAMPLE 


This special screw was 
formerly made in two parts 
and spot-welded together. 
Elco now produces this 
part, in one piece, by the 


Cold Heading method at 





SECURE FASTENING 
for your Parts! 















PALNUT Lock Nuts cost 
less than plain nuts—lock 


i as they tighten — eliminate 
: — of $13.26 per lockwashers—speed up as- 
TRA sembly — save space and 


weight — may be re-used. 
Especially adapted to easy, 
fast power driver assembly, 


"TT of mass-produced items. 
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ELCO o» SCREW CORPORATION W 


1958 BROADWAY*ROCKFORD, ILLINOIS 


Check all your light duty 
nut-and-screw assemblies 
against the speed, savings 
and security of PALNUT 
Lock Nuts. Send details of 
application for free samples 


ZXWIIDE Lu 
and complete in ormation. 
LOCK N UTS The PALNUT Company 


for quick, secure fastening at low cost 





65A Cordier St., Irvington 11, N. J. 
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New Catalogs 
and Bulletins... 


are listed toward the 
end of every section of 
the HANDBOOK. These 
new reports from manu- 
facturers keep you post- 
ed on everything newly 


available to you. 


You can easily 
obtain new catalogs 
and bulletins . . . 


simply by filling in the 
convenient post cards 
following page 24. 

These post cards also 
have spaces for you to 
indicate ADVERTISED 
PRODUCTS about 
which  vou'd like to 
know more. You will 
get the data you indi- 
cate directly from the 
manufacturer. Make use 
of these handy, postage- 


paid cards. 


Townsend has expanded 

its Technical Sales De- 

partment to help you in 
your constant effort to improve 
your product, reduce unit costs 
and speed assembly. Here, a group 
of specialists works as a unit to 
devise the most economical: and 
efficient methods of product as- 
sembly for all industry. 

These men can serve you in 
several ways. They will visit your 
plant as fastening consultants to 
your design engineers and oper- 
ating men. They will analyze a 
particular product and design 
special parts for it or suggest use 
of standard products in the as- 
sembly. 

You may want them to study 
your entire production line for 
improved assembly techniques— 
they will even design a single part 
to solve a specific problem. 

Another way to obtain the serv- 
ices of this department is to send 
drawings and samples of specific 
items for suggestions as to how 
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they can be produced more eco- 
nomically. 

Back of the Technical Sales De- 
partment is a company with 
nearly a century and a half of 
wire drawing and cold-forming 
experience. More than 10,000 
standard and special parts and 
fasteners are produced regularly 
by Townsend. 

In addition to the wide range 
of products and design experience 
at your command, Townsend has 
the tremendous capacity to pro- 
duce 60-million pieces a day. This 
means you can depend upon 
Townsend to keep pace with your 
production lines since, in its sev- 
eral plants, there are enough ma- 
chines of any type to handle a 
variety of long production runs 
simultaneously. 

To learn how you may effect 
substantial savings in material 
costs, speed production and im- 
prove your product, write today 
for illustrated bulletin or use the 
coupon below. 


COMPANY - ESTABLISHED 1816 


$oles Offices in Principal Cities 


In Canada: Parmenter & Bulloch Manufacturing Company, Lid., Gananoque, Ontario 


| 
TOWNSEND COMPANY | 
Soles Department 
New Brighton, Po. 


Nome Title 


Please send Technical Sales 
Department Bulletin TL-98. 





BIG PROBLEM 


TS often = 


a little 


ifferent 
set screw 


















It is amazir Jifference in product 
performance that a a tiny change in a little 
set screw will make. That's what 
over 1500 manufacturers of famous 
products have discovered, ever 
since 1935. Billions of regular and 
special types of set screws supplied 
by Setko, are proof that these 
“slightly diffe t" set screws 

can lick vibration, improve close- 
precision setting, cut down costs 
on every kind of product from 
radios to farm tractors and from 
lawn mowers to washing 
machines. Find out for yourself, 
the many new and different 

kinds of Setko Set Screws, by 
sending for the brand new 

Setko Catalog No. 19, just off the 
press, Simply write your name 

and address on the margin of this 
page, tear and mail to us today. 


i Mfg. Co. 
153 Main Street 
Bartlett, Illinois + Suburb of Chicago 


We specialize in solving Puzzling Set Screw Problems 


This New FREE 
Book Tells y 
why over 15 


Leodinq 

























AC NEM ex YORK, PENNA. 


Ottemiller products are sold through 
Mill Supply Houses and Industrial Distributors. 


How do you like the 
HANDBOOK? 


Our editors would like to know 
what you think of the HANDBOOK 
of Product Design. It's purpose is to 
bring you all the preceding year's 
design-engineering developments of 
major significance, culled from lead- 
ing technical publications here and 
abroad. 

The HANDBOOK is a working 
reference book, which vou will keep 
handy and use frequently in your 
work. Each year, another valuable 
HANDBOOK will be added to your 
library, coming as an added bonus 
to your regular Product Engineering 
subscription. Your response to pre- 
vious HANDBOOK issues surpassed 
our most optimistic hopes. We hope 
and believe you will find this year’s 
edition even more informative and 
lastingly useful. 

After you’ve had time to read and 
evaluate this HANDBOOK, please 
give us your impressions, as well as 
any suggestions you may have to help 
make this annual service more and 
more helpful. Write: Editor, 


Annual HANDBOOK, 


Product Engineering 


McGraw-Hill Building 
New York 36, N. Y. 
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What Type American 
Are You? 


It takes a lot of different types of people to make 
America what it is. And it takes different types 
of blood to make a blood bank . . . each as im- 
portant as the other . . . each needed desperately. 


Before the next 60 seconds have ticked away, 
four Americans will need blood to save their lives. 


Give blood today . . . and save a life tomorrow! 


the blood you give helps someone live! 


GIVE BLOOD 
NOW 


NATIONAL BLOOD PROGRAM Ü 
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NEW BOOKS 


Motors, Engines and Controls 








Principles of Automatic Control by 
Floyd E. Nixon, Tbe Glenn L. Mar- 
tin Co. 6 x 9 in., 407 pp. Publisbed 
by Prentice-Hall Inc., 70 Fiftb Ave., 
New York 11, N. Y. $9.35. 


The author discusses all aspects of 
linear system design and covers tran- 
sient response, frequency response, 
stability criteria, numerical integration, 
automatic computers and transient 
analysis. Except for the appendix on 
the derivation of the Nyquist criterion, 
no mathematical background beyond 
first-year calculus should be required 
for any of the material. 

Topical subjects are: Frequency and 
transient response methods, as well as 
stability criteria, proper gain adjust- 
ment, compensating methods, and the 
effect of noise and extraneous inputs, 
techniques and tools that the designer 
uses, namely, numerical integration, au- 
tomatic computers, methods for analyz- 
ing transient response data, and non- 
linear systems. Particular appendix 
features are design data for cascaded 
compensating functions and a table of 
Laplace transform pairs. 


Servomechanisms. Vol. V of Se- 
lected British Government Research 
Reports, issued by tbe Ministry of 
Supply in London and Published 
by Her Majesty’s Stationery Office. 
6 x 9 in., 292 pp. American Agents: 
British Information Services, 30 
Rockefeller Plaza, New York 20, 
N. Y. $13. 


The research reports collected in this 
volume were selected from work car- 
ried out under the direction of the 
Ministry of Supply. Publication was 
undertaken primarily for the benefit 
of British Industry. 

The reports do not follow any defi- 
nite continuity but deal with specific 
methods and problems encountered in 
the theoretical and practical considera- 
tions of servomechanisms. Typical 


topics include: Operational Methods 
for Servo Systems; A Method for 
Evaluating the Roots of Quartic Equa- 
tions and its Application in Servo- 
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mechanism Theory; Quick Response 
Sense-Detecting Rectifier Circuit; The 
Presence of Air in Oil and Its Prob- 
able Effect on the Irreversibility of 
Hydraulic Transmission Systems; and 
The Linearity of the Voltage-Speed 
Characteristics Inherent in Small D-C 
Generators. 


Theory and Design of Steam and 
Gas Turbines by Jobn F. Lee, Assoc. 
Prof. of Mech. Engrg., North Caro- 
lina State College. 6 x 9 in., 502 pp. 
Published by McGraw-Hill Book 
Co., Inc., 330 W. 42 St., New York 
36, N. Y. $9. 


The modern theory of turbine flow 
passage design presented for the me- 
chanical engineer who may not have 
a background in aerodynamics or gas 
dynamics. Theory is critically exam- 
ined and thoroughly explained. 

Descriptive matter, which is subject 
to change and is readily available in 
the literature, is introduced only to 
the extent necessary to establish physi- 
cal concepts. The theory common to 
all comprehensible-fluid machinery is 
treated first, with extension and appli- 
cation of the theory to steam turbines, 
gas turbines, axial-flow compressors 
and centrifugal compressors. Combus- 
tion is treated from a fundamental 
standpoint instead of merely describ- 
ing burners or the combustion process 
in general terms. Steam and gas tur- 
bine power cycles are completely 
treated both from the ideal and non- 
ideal standpoints of view. 


Gas Turbine Analysis and Practice 
by Burgess H. Jennings, Prof. and 
Chairman, Dept. of Mech. Eng., and 
Willard L. Rogers, Asst. Prof. of 
Mech. Eng., The Technological In- 
stitute, Northeastern Univ. 6 x 9 
in., 487 pp. Published by the Mc- 
Graw-Hill Book Co., 330 West 42 
St., New York 36, N. Y. $8.50. 


A balanced coverage of the points 
of view of thermodynamics and stress 
analysis, as well as a good coverage of 





present design practices are presented 
with illustrative problems. This text 
offers a general and comprehensive 
picture of the operational points, the 
place and extent of use in industry, 
and the probable future development 
of the gas turbine. 

After development of a sound back- 
ground of engineering fundamentals, 
the authors apply these to specific com- 
ponents of the gas turbine power 
plant. Attention is here devoted to 
stresses and materials of construction 
in addition to the thermodynamic as- 
pects of design. 

Within the inherent limits of any 
text of its type, it has a fairly exten- 
sive treatment of design and material 
problems. Also, considerable space and 
effort is devoted to the different types 
of compressors, including axial, cen- 
trifugal and displacement types. 

The chapters on stresses in turbine 
elements and vibration balancing are 
unusually comprehensive. 


Mechanical Engineering Thermo- 
dynamics by David A. Mooney, 
Principal Mechanical Engineer, 
Jackson & Moreland, Engineers. 
6 x 9 in., 540 pp. Published by 
Prentice-Hall, Inc., Fifth Ave., New 
York 11, N. Y. $9.35. 


This is an introductory book on the 
principles of thermodynamics and 
their applications in mechanical engi- 
neering. 

Thermodynamics is treated as a 
logical formulation of facts known 
from experience. The general order of 
presentation is: basic concepts, prin- 
ciples, data on substances, and engi- 
neering applications. The basic con- 
cepts of work and heat are discussed 
in detail, with a number of examples 
included. 

The properties of substances are 
presented first from a general view- 
point, using plots to show the relation- 
ships among gaseous, liquid, and solid 
states. Then the special methods of 
handling data are explained; steam 
table data, perfect gas data, and modi- 
fied gas law data are discussed. 
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Motors, Engines 


and Controls 


Overload Relavs for Motor Protection by L. E. Daehler H 
Mechanical 


Parts and Design 
Greases for Electric Motors by E. G. Jackson and E. R. Booser H Analysis 


Effect of Combustion Chamber Shape on Smoothness of Power 
by Harvey L. Mantey H 


Fastening 


Diesel Engine Performance Improvement by Experimentation by and Joining 
Herbert H. Black H 
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Fig. 2—Optimum relationship betweem insu» | 
tion life and temperature. Effects of abrasion, 


Fio. 1-—teennnbug jeebetibes dovime. (A) Melting alley type 
overload relay. Relay contacts are when alloy melts. (B) 





Bimetallie thermal overload relay. (C) Magnetic overload relay. 


L. E. DAEHLER 


Special Control Section, Square D Company 


COMMON USAGE accepts the term 
'overload" to designate a condition of 
mechanical load imposed on a motor 
that results in currents greater than 
the full load current but not greater 
than the current with locked rotor. 
The term “overcurrent” is sometimes 
used also to describe this condition. 
But more properly "overcurrent" is 
confined to excessive motor currents 
caused by short circuits and grounds. 
In d-c motor applications, "over- 
torque" is frequently used to describe 
a load condition that would result in 
the motor carrying a current that ex- 
ceeds the limit of the safe commuta- 
tion capacity, or a stalled condition. 
In brief, the steps in the procedure 
of providing a motor with overload 
protection are: (1) Analyze the nor- 


H? 


moisture, corrosion and stresses are 





Overload Relays 





mal motor load; (2) Determine what 
conditions of unusual overload are 
likely to be encountered; (3) Apply 
these data to select type of overload 
relay most suited to the conditions; and 
(4) Select the proper size of thermal 
unit or current coil that will protect 
the motor and yet allow maximum 
utilization of the motor capacity. 

Any general guide to the selection 
and application of overload relays must 
be based on the assumption that the 
motor performance characteristics are 
matched to the mechanical load nor- 
mally imposed on the motor. The 
problem of proper overload protec- 
tion then resolves into one of allowing 
full utilization of the capacity of the 
motor and concurrently pe the 
motor from the effects of unusual con- 
ditions of overload. The function of 
the overload relay is to differentiate 
between those overloads that are harm- 


For Motor Protection 


ful to the motor, and sometimes to the 
driven machine, and those that are not. 

The more that the engineer knows 
about the motor operating conditions, 
and *he more that he applies such 
knowledge in making relay selection 
an optimum, obviously, the greater will 
be the utilization of the motor's ca- 
pacity. The most effective method of 
obtaining such data is to conduct tests. 

The capacity of a given electric mo- 
tor to do work without injury to it- 
self, in general, is determined by the 
amount of internal heat it is able to 
dissipate. This heat is produced by 
the motor core losses (hysteresis and 
eddy current), the bearing friction, 
and the resistance offered by the wind- 
ings or "copper loss." The combined 
effect of these losses causes the motor 
temperature to rise until the rate of 
dissipating heat equals the rate of 
producing heat. 
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Fig. 3—Line current and phase winding 
wye connected motor. (A) Polyphase. (B) Single phase. 
Line and winding currents increase 73 percent. 


I=Line current during three phase operation at a given motor load 


currents in a 


Fig. 4—Line current and phase winding 
delta connected motor. (A) Polyphase operation. (B) 
Single phase operation. Line current divides 2 to 1. 


eurrents in a 


Problems of protecting motors under conditions of excessive mechanical load, 


fluctuating load, locked rotor, single phasing insecondary circuit, and open lead 


in transformer primary circuit. Characteristics of the basic types of thermal 


overload relays and magnetic overload relays and their applications. Selec- 


tion of type and size that permits maximum utilization of the motor capacity. 


Since the insulation is more sus- 
ceptible to deterioration from high 
temperatures than is any other material 
used in motor construction, motor 
manufacturers establish certain limits 
of operating temperature to conserve 
the life of the insulation. The curve 
shown in Fig. 2 gives some data on 
the relative effect of temperature upon 
insulation life. 

In a motor, the core and bearing 
losses are relatively constant and are 
a small percentage of the total losses. 
The copper loss is proportional to the 
torque load on the motor. This loss is 
so ku a percentage of the total loss 
that a measure of the electrical current 
that produces the copper loss is also 
a proportionate measure of the motor 
temperature under normal conditions 
of ventilation. This principle is the 
basis for the design of current-operated 
overload relays. 


Problems of Protecting Motors from Unusual Overloads 


EXCESSIVE MECHANICAL LoAp. Usu- 
ally no injury to the motor results from 
mechanical loads greater than normal 
when imposed for a relatively short 
time and they do not exceed the stall- 
ing torque of the motor. When a 
mechanical overload is imposed for 
an appreciable time, however, over- 
load relays should function before ex- 
cessive current causes the motor tem- 
perature to reach a value that would 
materially shorten insulation life. 
Where the mechanical load varies 
between wide limits, or is pulsating in 
nature, the problem of selecting the 
proper size motor and overload relay 
should be approached by a root-mean- 
square analysis of motor current. 


SINGLE PHASE OPERATION CAUSED BY 
OPEN SECONDARY Crircutr. Several 
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considerations are associated with an 
analysis of the amount of protection 
afforded to three phase motors by 
the overload relay when the motor is 
operating under single phase. 

In a wye connected motor during 
single phasing, Fig. 3 (B), two phases 
of the motor winding are active. Both 
of these windings carry 100 percent of 
the line current. For equal motor 
loads, during single phasing the line 
current is approximately 173 percent 
of the line current during three phase 
operation (neglecting change in power 
factor). Thus an overload relay rated 
at 115 percent of full load line current 
affords normal protection. 

In three-phase operation, the phase 
currents in a delta connected motor, 
Fig. 4 (A), are approximately 58 
percent of the line current, therefore, 


H 











each of the phase windings is designed 
to carry 58 percent of the full load 
line current. If the motor can operate 
continuously without harm at 115 per- 
cent of full load, the allowable phase 
winding current would be about 67 
percent of the full load line current. 

During single phase operation of a 
delta connected motor, Fig. 4 (B), the 
line current divides in a 2 to 1 ratio 
through the motor phases. This divi- 
sion results from one phase winding 
being connected directly across the ac- 
tive line phase and the other two 
phase windings being connected in 
series across the active line phase. For 
equal motor loads, the line current dur- 
ing single phasing is approximately 
173 percent of the line current during 
three phase operation. Thus with over- 
load relays selected to trip at 115 per 
cent of normal current, the motor is 
disconnected from the line in a short 
time when delivering full load. 

The problem, however, is to de- 
termine if a range of motor loading 
exists that will result in a line current 
value lower than that required to trip 
the overload relays, yet at the same 
time allow a current in excess of 67 
per cent of the full load polyphase line 
current to exist in the direct connected 
phase winding. When the current in 
the direct connected-phase winding 
equals 67 percent, the current through 
each of the two motor phase windings 
connected in series is 33.5 percent, 
thus the line current would be 


67 4- 
of the polyphase full load line current. 
A line current of 100.5 percent 


33.5 = 100.5 percent 










Percent full load current 


3 


=Motor heating curve 
time required to reach 55 deg C rise 







\ relay time required to 
trip ambient temp.40degC 


4-8 oe RA a 


Minutes 


would result from a motor load of ap- 
proximately 

100.5 X 100/173 = 58 percent 
of full load. With this condition ex- 
isting and the overload relays set at 
115 percent of full load current, it is 
quite possible that they would not trip. 

The maximum point of the load 
range in question, obviously, occurs 
when the line current equals 115 per- 
cent, at which point the overload relay 
would be expected to trip. The corre- 
sponding motor load would be 

115 X 100/173 = 66.5 percent 
of full load, and the maximum phase 
winding current at the point would be 

115 X 2/3 = 76.5 percent 
of the line current, or 

76.5 X 100/58 — 132 percent of the 
normal full load value and 115 percent of 
its maximum allowable rating. 

Within a motor load range of 58 to 
66.5 percent of full load, therefore, 
the protection afforded by an overload 
relay for the delta connected motor 
may be considered doubtful under the 
conditions stated. On the other hand, 
if the normal motor load is equal to 
full load, there would be only a re- 
mote probability of the normal load 
being in the 58 to 66.5 percent range 
at a time coincident with the single 
phasing. For applications where the 
normal load is below full load, there- 
fore, it is good practice to select the 
overload relays in accordance with the 
line current at normal load rather than 
the rated full load current. 


LocKED RoTOoR CONDITIONS. Another 
consideration is protection when the 
motor fails to start. Such an event 











ns 


Product Engineering — 1955 Annual Handbook 


might even be caused by a mechanical 
fault of the driven load or by a single 
phase line. To determine the amount 
of protection afforded by the particu- 
lar overload relays involved, it is neces- 
sary to know: Length of time the 
motor can safely endure locked rotor 
current under polyphase and single 
phase conditions; and the locked rotor 
current under both conditions. 

With the locked rotor current data, 
the relay tripping time can be de- 
termined from a curve showing the re- 
lationship between relay current and 
tripping time. A comparison of this 
time with that of the motor endurance 
ender locked rotor conditions indicates 
the suitability of the relay. 

Under single phase locked rotor 
conditions, the line current is approxi- 
mately 86.5 percent of the inrush cur- 
rent under polyphase locked rotor con- 
ditions. For example, a motor having 
an inrush of 600 percent full load 
current on polyphase service has an 
inrush of 520 percent of full load 
current on single phase service. This 
lower current, of course, increases the 
relay tripping time, therefore, a com- 
parison should again be made with 
motor-endurance time corresponding 
to single phase locked rotor conditions. 

It is interesting to note that for 
a wye connected motor, during single 
phasing the current through each of 
the two active phase windings is 86.5 
percent of the polyphase locked rotor 
current. But for a delta connected 
motor, however, in the one phase 
winding that is connected directly 
across the line the current is the same 
as it would be under polyphase locked 


















rotor conditions. This consideration is 
important since as a result of a lower 
percentage of line current the relay 
tripping time is longer under single 
phase conditions. The current flowing 
through the two motor phases con- 
nected in series is one-half that car- 
ried by the phase winding connected 
directly across the line. 


SiNGLE PHASE OPERATION Caused by 
Open Circuit in Transformer Primary. 
Of special interest is an open circuit 
on the primary or high voltage side 
of a wye-delta or a delta-wye con- 
nected three phase transformer bank 
with an isolated or ungrounded neu- 
tral. In this event, the current in 
one secondary line rises to approxi- 
mately two times the current value in 
the other two secondary lines. Based 
on the probability of such a fault oc- 
curring, and also on the probability of 
it being in a particular primary line 
such that the greater value of current 
flows in the secondary line not pro- 
vided with an overload relay, the use 
of three overload relays instead of the 
usual two is indicated for complete 
protection. 

From the standpoint of economy, an 
analysis of each application should 
be made. In such an analysis, the addi- 
tional cost of the overload relay is 
weighted against such factors as the 
motor cost and the known reliability 
of power service at the particular loca- 
tion. Relative to the reliability of power 
service, a greater possibility of the fault 
occurring exists when the primary side 
of the transformer bank is protected 
by fuses rather than a single circuit 
breaker. 
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4 MOTORS, ENGINES AND CONTROLS 


Basic Types of Overload Relays and Their Applications 


Current operated overload relays are 
of two general types: Thermal over- 
load relays; and Magnetic overload 
relays. They derive their names from 
the method by which each utilizes the 
motor currents to perform the protec- 
tive function. 

Thermal overload relays, rather than 
the magnetic type overload relays, are 
applied in the majority of ordinary 
motor installations. There are several 
reasons for this practice. Primarily, the 
tripping characteristics of the thermal 
device offer adequate protection during 
conditions of unusual motor overload 
at a minimum of initial cost and of 
maintenance expense. Reliability in 
operation, simplicity of design, adapt- 
ability both physically and eiectrically 
to standard contactors, and conven- 
ience in selecting and installing the 
interchangeable heater elements are 
other factors that contribute to the 
general use of the thermal overload 
relay. 

Basically, the problem of thermal 
relay design is to create a device with 
a thermal capacity resembling the heat 
temperature characteristic of the motor, 
and thereby duplicate a proportionate 
value of the actual motor temperature. 

A graphic comparison of the thermal 
characteristics of a motor and a thermal 
overload relay is shown in Fig. 5. 
The portion of the motor heating curve 
shown represents the time required in 
minutes to reach a temperature of 55 
deg C above ambient for various load 
percentage values greater than full 
load. The lower curve represents the 
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Fig. 7—Range of trip time at various overloads for one type of standard 
thermal overload relay when it is enclosed in a size 4 starter at 40 C ambient. 


Product Engineering — 1955 Annual Handbook 


time required by the thermal overload | 
to trip. Note the general similarity in 
the curve characteristics. 

There are two general designs of 
the thermal overload relay: Melting 
alloy type; and the Bimetallic type. 

A melting alloy relay assembly is 
shown in Fig. 1 (A). The alloy pot 
and ratchet wheel are shown in the 
sectional view Fig. 6 of the heater 
element. The relay contacts are opened 
by a pre-set spring operated mechan- 
ism, which is released when the alloy 
melts. The contacts are reset after the 
alloy solidifies, at which time the 
ratchet wheel is not free to rotate until 
the alloy melts again. 

Two advantages are obtained by 
combining the heater element and the 
alloy pot in one assembly: (1) If the 
heater element burns out, or if the 
ratchet wheel is damaged, the entire 
assembly can be conveniently replaced 
by a new one of proven reliability and 
calibration; and (2) the heater element 
is securely clamped in a fixed position 
with respect to the alloy pot. Varia- 
tions in the relay performance as a re- 
sult of distortion of the heater element 
or misalignment with the alloy pot 
are thus avoided. 

Melting alloy type relays are avail- 
able in sizes having nominal ratings in 
a range from 25 to 300 amp. For cur- 
rents in excess of this range, or where 
mounting space limitation preclude the 
use of the larger sizes, ratio current 
transformers can be employed. 

The suitability of the standard 
thermal type overload relay for a given 
application can be determined from 
a study of tripping characteristic curves 
similar to those shown in Fig. 7. Such 
curves give the relationship between 
the motor current (expressed in per- 
centage of a particular relay heater 
element rating) and the tripping time 
for various relay sizes. 

The shaded portions of the curves 
represent the variation of tripping 
time of the different size heater ele- 
ments of a particular type, rather than 
the variation in any one + 
size. For the curves shown in Fig. 7 
the temperature reference or starting 
point for the heater element is that 
of the relay at the ambient temperature 
or "cold." 

Such curves help solve most of the 
problems concerned with the "condi 
tions of unusual overload" discussed 
in the preceding paragraphs. 

Suppose, for example, for a certain 
application it is desirable to investigate 
the protection that melting-alloy relays 
offer under single phase locked rotor 
conditions. The motor manufacturer 
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has supplied the following data: Full 
load current, 10 amp; polyphase locked 
rotor current, 58 amp; length of time 
motor can endure polyphase locked 
rotor, 32 seconds; and motor connec- 
tions, delta. Assume that the single 
phase condition results from some fault 
in the secondary circuit of the supply- 
ing transformers. A size 1 starter, 
equipped with melting alloy units rated 
at 12.8 amp, operating at an ambient 
temperature of 40 C is under consid- 
eration. 

The inrush current, as indicated in 
a preceding paragraph, under single 
phase locked rotor conditions, is 86.5 
percent of the polyphase locked rotor 


H^ 


current, or in this example a value of 
0.865 X 58 = 50 amp. 


A first analysis might indicate that, 
since the single phase inrush current 
is lower than the polyphase locked 
rotor current, an upward adjustment 
of the motor "endurance" time could 
be made. Note, however, that in a 
delta connected motor the percent 
overload of the one motor phase con- 
nected directly across the single phase 
line is equal to the same percent over- 
load under polyphase locked rotor 
conditions. Thus the time of 32 sec- 
onds is the correct limiting factor. 

To determine the relay tripping 


time from Fig. 7, first find the percent 
ratio of the inrush current to the 
ampere rating of the relay, or 

50 X 100/12.8 = 391 percent. 

Then obtain the tripping time 
for that ratio from a trip time 
curve. For 391 percent, the curve of 
Fig. 7 indicates a tripping time of 15 
to 23 seconds. Since the motor manu- 
facturer's recommendation is 32 sec- 
onds, it can be concluded that protec- 
tion is afforded the motor under the 
conditions stated. 


RELAYS FOR FLUCTUATING LOADS. In 
the selection of relays for applications 
where the normal load varies through 
a wide range of values above and be- 
low full load, an analysis of the pro- 
tection afforded by melting alloy relays 
may be complex. 

The safest approach, of course, 
is in knowing first by test that 
the motor will not overheat under 
the conditions of load imposed upon 
it, and then selecting a thermal unit. 
also by test, that will allow this load 
yet will trip on any higher value. It 
is possible the final selection will not 
agree with that derived from standard 
selection tables on the basis of motor 
full load current. Should a larger 
size be indicated by the test, some 
sacrifice must be expected in the pro- 
tection afforded under locked rotor 
and single phase conditions. 

Where a heater element size must 
be selected in advance of the installa- 
tion, the best approach is through an 
analysis of the predicted root-mean- 
square current. Since the motor rating 
probably will also be selected on the 
same basis, the two studies can be 
made concurrently. 

After the motor load and the root- 
mean-square value of current are cal- 
culated, the first consideration will un- 
doubtedly be the selection of the motor 
horsepower rating. To allow some 
margin of safety, the full load am- 
peres of the motor selected will prob- 
ably exceed the calculated root-mean- 
square value of current. Under such 
circumstances, the overload relay ther- 
mal unit size may either be selected 
from standard tables on a basis of the 
motor full load current or, if a more 
conservative selection is desired, on 
a basis of the calculated root-mean- 
square current. 

In either procedure, however, one 
further check should be made with 
respect to the selected heater size. 
Even though a calculation of the root- 
mean-square current involves the total 
time of the particular duty cycle im- 
posed on the motor, certain portions 
of the curve may exist where the root- 
mean-square value exceeds the rating 
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of the heater unit with respect to the 
tripping time. An example is a duty 
cycle having relatively long "idle" 
periods in between high peaks. Al- 
though by the utilization of the next 
"idle" period for cooling, the motor 
will probably carry the maximum value 
of root-mean-square current without 
damage to the windings, once the alloy 
melting temperature is reached the 
overload relay will trip and thus no 
advantage can be taken of the next 
low current period. 

The root-mean-square current for 
such maximum portions of the duty 
cycle, therefore, must be calculated 
separately to determine if the tripping 
time of the relay selected exceeds the 
time interval corresponding to the 
root-mean-square current value of the 
maximum portion of the duty cycle. 
The relay tripping time is derived 
from characteristic curves, such as Fig. 
7. If the heater element tripping time 
is found to be less than the duty cycle 
time interval, the next larger size 
heater should be considered. 

When a heater size must be em- 
ployed that is larger than would 
ordinarily be selected on the basis of 
full load motor current, it is import- 
ant to note that some measure of pro- 
tection under locked rotor or single 
phase conditions is sacrificed. 


INFLUENCE OF AMBIENT TEMPERA- 
TURE. Under conditions where the 
motor and controller are located in the 
same ambient temperature, proper pro- 
tection of the motor will be maintained 
by using heater elements recommended 
by standard selection tables, regardless 
of temperature. 

The basic calibration of thermal 
overload relay units is sometimes made 
with the unit mounted on a test board 
in open air at an ambient temperature 
of 40 C. When the melting alloy relay 
is mounted on a motor starter and the 
starter is placed in an enclosure, how- 
ever, a different value of tripping cur- 
rent may be expected as the result of 
a higher air temperature within the 
enclosure. The effect of ambient tem- 
perature change on the tripping char- 
acteristic of melting alloy relays is 
shown in Fig. 8. Curve A is for a 
relay mounted on a test board with 
access to the open air. Note that for 
this curve at an ambient temperature 
of 40 C, the multiplier or tempera- 
ture faetor is unity. The assigned 
ampere rating of the thermal heater 
unit, therefore, is the current at which 
the relay will ultimately trip at 40 C 
in open air. Curves B, C, and D show 
the same relationship except with the 
overload relay mounted on various 
sizes of enclosed starters. 

To calculate the ultimate tripping 


current at an ambient temperature 
other than 40 C, the following tormula 
can be used. 

Where 


/. = ultimate tripping current, amp 

M -multiplier taken from Fig. 8 

I, = rating of thermal heater unit at 
40 C in open air, amp 

I, — MI, 


At ambient temperatures higher 
than 40 C, the time required for the 
thermal overload relay to trip de- 
creases. Thus a closer degree ot pro- 
tection is afforded when the overload 
relay and motor are both at tne same 
high ambient temperature. This is an 
advantage since the actual motor tem- 
perature is correspondingly higher, and 
even though the guaranteed tempera- 
ture rise of the motor might not be 
exceeded, the motor has less reserve 
capacity to sustain an overload. Con- 
versely, the motor has greater overload 
reserve at low ambient temperatures, 
utilization of which is allowed by the 
thermal overload relay because its 
tripping time is longer. 

When it is not possible to operate 
the motor and overload relay at the 
same ambient temperature, a change 
in size of heater units may be indicated 
to compensate for the difference. If 
the motor ambient temperature is 
higher than the controller, a smaller 
size overload relay than normal should 
be selected. When the reverse situa- 
tion with respect to ambient tempera- 
ture is true, it is not necessary to make 
allowance for the temperature differ- 
ence from a standpoint of motor pro- 
tection, but rather to permit full out- 
put of the motor. Thus an overload 
relay unit size larger than normal 
would be indicated. 

Another temperature factor relating 
to the proper selection of melting alloy 
thermal units is concerned with the 
allowable temperature rise of the 
motor. Since the majority of motors 
are of the open type with a 40 deg C 
temperature rise, heater unit selection 
tables are usually based on this type. 
Semi-enclosed and totally-enclosed fan- 
cooled motors, however, have a higher 
temperature rise, usually 50 deg C to 
55 deg C respectively, and because of 
this rating have little or no continu- 
ous overload capacity. "Therefore, a 
smaller size heater unit than listed for 
the 40 deg C is recommended for the 
50 and 55 deg C motors. 

To increase the versatility of the 

elting alloy relay and expand its 
range of applications, Á 
heater units have been developed. 
Quick-trip units are frequently used to 
protect motors having a relatively low 
inrush current and where the standard 
heater element would not trip in suf- 
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ficient time under locked rotor con- 
ditions. 

The trip time characteristic of one 
50 amp rated quick-trip unit mounted 
on a test board in the open air is 
shown in Fig. 9. This type element is 
designed for applications where the 
temperature characteristic of the motor 
involved is more critical than that of 
the standard motor. This condition 
may result from one of several reasons. 
A motor with a low starting current, 
for example, might not have sufficient 
protection with a standard melting 
alloy heater unit under locked rotor 
conditions, particularly when the in- 
rush current ranges between 300 and 
350 percent of the full load current. 

In the same category are intermit- 
tently rated torque motors that fre- 
quently operate with the rotor locked. 
Protection for this condition is thus of 
principal importance. Intermittently 
rated, or “short-time” motors also pro- 
vide a field for application of quick- 
trip heater elements. The quick-trip 
elements also are of value in protecting 
sealed (hermetic type) refrigeration 
compressor motors where the condi- 
tions of application are frequently such 
that the ratio of locked rotor current 
to running current is quite low. 

“Long-time” heater units also have 
been developed for melting alloy type 
relays. Principal application of these 
heater units is for the protection of 
motors driving centrifugal machinery 
or wherever a relatively long period of 
motor accelerating time is involved. A 
characteristic trip time curve is shown 
in Fig. 10. A comparison of this curve 
with that of the standard heater unit 
will indicate the additional time al- 
lowed before tripping. 

To apply the “long-time” thermal 
unit, a detailed study must first be 
made of the motor load, including the 
longest accelerating time and the con- 
ditions of greatest overloads. In such 
an analysis, the same methods are used 
as previously indicated for fluctuating 
loads, with the objective of selecting 
a size that will allow the normal load 
without motor overheating yet trip on 
load conditions above this point. 

In selecting a “long-time” melting 
alloy heater unit, special consideration 
must be given to conditions of locked 
rotor. Knowledge of the motor's en- 
durance time under this condition is 
necessary to make a comparison with 
the relay tripping time. The latter 
can be obtained by applying to a curve 
like that of Fig. 10 the ratio (ex- 
pressed in percent) of inrush current 
to the ampere rating of a particular 
size heater unit. Where the relay 
tripping time exceeds that of the 
motor endurance under locked rotor 
conditions, evidently either the con- 
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dition of partial protection must be ac- 
cepted or a compromise made that 
lowers the motor output by the over- 
load relay. 

Applications involving extremely 
long accelerating times are occasion- 
all encountered where the "long. 
time’ relay tripping characteristic is 
not sufficient to allow the load require- 
ments. In such events, the solution 
usually is a saturated core current 
transformer used in conjunction with 
a standard unit. 

The basic operating principle of the 
saturated core transformer is that of 
causing a non-linear relationship to 
exist between the primary and second- 


ary transformer currents. This rela- 
tionship is obtained by loading the 
secondary (insertion of resistance) to 
such an extent that insufficient flux is 
produced by the ampere turns in the 
primary to produce an equivalent num- 
ber of ampere turns in the secondary. 
This relationship is indicated in Fig. 
11. Note that up to 100 percent of 
the relay rating, the ratio of line cur- 
rent to relay current is approximately 
the same; whereas above this point the 
divergence increases rapidly. Experi- 
ence has indicated that different de- 
grees of saturation are desirable, de- 
pending upon the particular applica- 
tion involved. 


Bimetallic Type Thermal Overload Relay 


A bimetallic thermal overload relay 
in the "open" position is shown in 
the sectional view Fig. 12. Actuation 
of the relay contact is accomplished 
by the outward expansion of the U- 
shaped bimetallic strip. Heat is sup- 
plied from a current calibrated heater 
element. In Fig. 12 the heater element 
follows the inside contour of the bi- 
metallic strip. 

By changing the setting of the screw 
on the right-hand side of the relay, 
the normal trip current rating of the 
heater element can be adjusted through 
a range from 85 to 115 percent. The 
relay can be reset either by hand or 
automatically. Bimetallic overload re- 
lays are available in nominal ratings 
ranging from 25 to 150 amperes. 
Several advantages are offered by 
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the bimetallic overload relay for cer 
tain applications. One is the automatic 
reset teature. In the event of an instal- 
lation shutdown where the motor con- 
troller is distant from the machine 
operator, as soon as the relay resets, 
the automatic reset feature allows the 
operator to restart the motor without 
moving from his pushbutton control 
station. It is always advisable, how- 
ever, to use the automatic reset feature 
only wth three wire control, that is, 
where the motor control circuit is es- 
tablished by a momentary contact push 
button or control device. With two 
wire control accessories, such as float 
or pressure switches, the bimetallic re- 
lay should be adjusted for manual 
reset. 

Another design feature of the bi- 
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Fig. 11—A comparison of the relationship between relay current 
and the line current obtained with a saturated core transformer. 
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metallic overload relay is the means 
to adjust conveniently the current 
rating at which the relay will ultimately 
trip. Settings above the 100 percent 
rating, however, should be examined 
closely with respect to the final motor 
temperature. 

As with the melting alloy relay, the 
mounting of the bimetallic device on 
an enclosed starter lowers the ultimate 
tripping point with respect to the 

open rating. 


Magnetic Overload Relays 


TIME LIMIT MAGNETIC OVERLOAD 
RELAY. A current-operated overload 
device of this type is shown in Fig. 1 
(C). Its important parts are a cur- 
rent coil, a contact block, and an oil 
dashpot. The contact mechanism is 
actuated by the upward movement of 
an armature, or core, 1n response to the 
magnetic pull of the current coil. Re- 
sistance to this upward movement 1s 
effected by the oil dashpot piston 
mechanically connected to the arma- 
ture. 

The time delay, produced by the 
resistance of the piston to movement, 
can be adjusted by turning a valve 
disk, which opens or closes bypass 
holes in the bottom of the piston, to 
vary the rate of oil flow through the 
piston. The trip current setting IS 
adjusted by moving the armature stem 
up or down with respect to its initial 


position | 
Magnetic overload relays have either 

an automatic reset contact arrangement 

or hand reset attachment. A series of 











Fig. 12—Typical arrangement of —— 
parts in a bimetallic thermal overload relay. 










different coils gives an over-all con- 
tinuous current range of from | to 
700 amperes. 

Principal features of the time limit 
overload relay are a wide range of 
adjustment both in tripping current 
and time delay settings, retention of 
calibration, reliability, and adaptability 
to either hand or automatic reset. Un- 
like the thermal overload relay, which 
reflects a proportionate rise of the 
motor temperature, the time limit mag- 
netic relay is less responsive to an in- 
tegration of the motor current and, 
therefore, is to be more generally 
applied with respect to a definite per- 
centage and duration of the overload. 
In comparison to the characteristic 
curve of the thermal overload relay, 
the magnetic overload trip time is 
much shorter throughout the entire 
range of overload current values. 

The family of curves in Fig. 13 
show the adjustment in tripping time 
that is possible by changing the amount 
of opening in the dashpot piston. In 
an application, the motor user would 
adjust the opening to correspond with 
the maximum time he desired his 
motor to sustain a certain value of 
overload. The variation in tripping 
time under different conditions of am- 
bient temperature is slightly greater 
when the quantity of oil flow through 
the piston opening is a minimum. The 
current at which the relay trips, how- 
ever, is not affected by changes in 
ambient temperature, since the mag- 
netic pull of the armature is entirely 
dependent upon the current. 

For 50 to 55 deg C rise motors, the 
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setting should be approximately 100 
percent of the motor full-load current. 
Settings may be lower where the motor 
load current is lower than that of full 
load and it is desired to match this 
condition with the relay. Also there 
may be certain peak loads in excess 
of full load that the motor must sus- 
tain for a definite time period, but no 
longer, after which it is desirable to 
quickly disconnect the motor from the 
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line. The current setting and the time 
setting of the relay can be adjusted 
to fulfill this condition. 


INSTANTANEOUS TRIP MAGNETIC 
OVERLOAD RELAY. Where the maxi- 
mum running torque or current of a 
motor should never exceed a certain 
definite value, the time limit feature 
of the oil dashpot device is objection- 
able. For such applications, an in- 
stantaneous trip overload relay is desir- 
able. This relay is essentially the same 
in construction as the time limit mag- 
netic relay except that the` dashpot, 
with its retarding effect, is omitted. 
The current setting is adjusted by mov- 
ing the armature upward or downward 
on the stem. 

Applications of the instantaneous 
trip magnetic overload relay are usu- 
ally confined to the field of limiting 
the motor torque. Quite often the 
relay's principal function is te protect 
the driven machinery from the effects 
of excessive stresses caused by stalled 
loads; for example, material handling 
equipment such as conveyors and bal. 
ing machinery. 

On certain d-c motor applicatiens, 
the instantaneous trip overload relay 
is sometimes employed to limit the 
armature current to a safe commutat- 
ing value. Frequently a thermal over- 
load relay in conjunction with the 
instantaneous trip device is used to 

rotect the motor from sustained over- 
bs occurring below the current set- 
ting of the instantaneous trip relay. 
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Table I—Five Year Inspection of Greases in Electric Motors 
| | 


OIL CONTENT, PERCENT OF WEIGHT 


APPEARANCE 





Slightly dry in one bearing; soft and oily 


in the other 


GREASE ORIGINAL AFTER 5 YR 
A Petroleum 79 75 
B Petroleum 75 72 
C Petroleum 76 73 
D Silicone 80 75 
E Silicone 65 61 
F Diester 84 83 


Very soft and moist; slightly rancid 
Soft and moist 

Dark, soft, moist 

Like new 


Soft, moist and smooth 
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MANY EXCELLENT GREASES are avail- 


able for the lubrication of electric 
motors. Potentialities for improve- 
ments, however, do exist in this field 
as in every other. The increasing de- 
mands being placed on electric motors 
require greases that better lubricate and 
protect motor bearings while providing 
low torque. These greases must also 
maintain their physical and chemical 
stability over longer periods of time. 

A large amount of field experience 
and extensive laboratory testing have 
developed a background of experience 
from which the authors can now ven- 
ture to segregate compositions and 
properties common to good greases. By 
this path, a proposed specification is 
developed for hypothetical greases 
that should offer three to four times 
the life obtainable with greases of the 
past. 

The final criterion of a good grease 
must always be that it provide long 
useful service. Examples of such serv- 
ice in electric motors are wide-spread 
though not so widely published. A re- 
cent pp (Ref. 1) surveyed the oper- 
ation of thirty-four ball bearing motors 
that ran for five years under severe 
conditions with only four bearing fail- 
ures. In Fig. 1 are shown the condi- 
tions of the bearings after an average 
of more than 36,000 hours operation. 





Six different greases, running under 
less rigorous conditions, have been 
under test for more than five years in 
the Thomson Laboratory. The motors 
in which these greases are being tested 
have run continuously during this time 
except for one overnight shutdown per 
week. 

These motors have a nominal 5 hp 
rating and speed of 3600 rpm. They 
are fitted with No. 306 open type ball 
bearings. Test conditions are a belt 
pull of 160 Ib on the bearings and a 
bearing housing temperature of 104 F. 
At the last inspection, all but one 
grease seemed to be capable of sus- 
taining years more of service. All six 
motors are still running. In Table I 
are given the types of greases and the 
results of an inspection of the greases 
after five years of operation. 

For easy service, five years is more 
than an adequate safety margin on 
grease life in motors that operate in 
the temperature range of —25 to 200 
F. Not all applications, however, are 
so readily satisfied by our present day 
greases. The tendency to build more 
and more power output into smaller 
machines, whether turbine generators 
or fractional horsepower motors, re- 
sults in higher ambient bearing tem- 
peratures. Such machines are straining 
the resources of available greases, espe- 


Greases for Electric 





cially when the same grease is re- 
quired to encompass both extremes of 
temperatures. 

To meet these challenges, as well as 
to obtain truly permanent lubrication 
at moderate temperatures, many fac- 
tors that seem to be important for 
greases lubricating electric motors must 
be considered. Although these factors 
vary in their importance for different 
types of service, they represent the 
normal demands on greases in more 
than 95 percent of the motors now in 
service. 


Physical Stability 


First, because it is so obvious, the 
lubricant must stay where it is needed 
in the bearing. This requirement 
means that the oil in the grease must 
neither bleed too fast nor evaporate, 
and the grease must have sufficient 
consistency to remain in the bearing 
while being fluid enough to lubricate. 
Considerable data have been accumu- 
lated so that values for these factors 
can be quoted that, while not precise 
for all applications, will give an order 
of magnitude. 

Currently, the best greases for elec- 
tric motors have initial bleeding rates 
in cone bleeding tests of about 0.2 per- 
cent per hour at 212 F (Ref. 2). This 
rate decreases with time until the bear- 
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Fig. 1—Condition of bearings after five years of service. 
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ing fails. The final bleeding rate de- 
pends on the viscosity of the oil and 
the temperature of operation. General. 
ly, the higher the oil viscosity the low- 
er is the minimum rate required, but 
also the lower is the total useful bleed- 
ing. A maximum total bleeding of 10 
percent in the first 500 hours at 212 F 
in a static cone has been found with 
most of the better motor greases. 

To minimize loss of oil, the evapora- 
tion rate should be as low as practi- 
cable, This factor is sometimes more 
important than bleeding since oil lost 
by evaporation can be of no use in 
bearing operation. It has been found 
that to get 1000 hours life in a No. 
306 bearing, the vapor pressure of the 
oil in the grease must be of the order 
of 0.05 mm Hg or less at the operating 
temperature (Ref. 2). An evaporation 
loss of less than 2 percent by weight in 
500 hours at 212 F in a static bleeding 
cone test also seems desirable as a 
measure of low grease volatility. 

Until more is known of the relation 
of the structural details of a grease to 
its performance, a consistency measure- 
ment must continue to be used as a 
criterion of correct construction. Most 
electric motors with open bearings in 
regreasable housings, from fractional 
horsepower to large ball bearing mo- 
tors, use a grease of worked penetra- 


tion 265 to 295. Somewhat stiffer 
greases in the range of about 230 to 
280 seem to be better for double sealed 
and double shielded bearings. 

Although the electron microscope 
technique now permits examination of 
the structure of greases, no given struc- 
ture can be called for as most suitable 
because so many different kinds of 
structures are detected in a variety of 
good greases. Most greases with out- 
standing performance characteristics in 
motors are of the fibrous type common 
to soda soap thickeners. In greases 
which are being reported as giving sat- 
isfactory service, however, other shapes 
such as rods and clusters are found, 
both in soaps and in non-soaps such 
as silica. In Fig. 3 are shown a few 
examples of structures. 

One useful performance factor that 
might eventually be predicted from 
such structure studies is resistance ta 
churning. Consistency is not the sole 
criterion of a good channeling grease; 
some of the stiffest churn badly and 
some of the softest resist churning 
well. Greases for electric motors must 
be able to resist this type of breakdown, 
which is particularly prevalent in large 
bearings, in sealed bearings and in over 
lubricated open bearings. 

Resistance to churning has been 
checked in the Thomson Laboratory by 
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measuring the degree of softening of 
greases when subjected to the shearing 
and churning of a rotating ball bear- 
ing with its lock nut and lock washer 
in an over packed housing. Such "whip 
test" results for greases commonly used 
in open or in sealed bearings, along 
with the hours of life obtained in open 
and sealed bearings in high tempera- 
ture performance tests, are given in 
Table II. It is seen that the greases 
that perform best in one type of bear 
ing are not best in the other and that 
the whip test makes this distinction 
fairly well. 

Greases that perform best in double 
sealed and double shielded bearings 
soften very little in the whip test, us- 
ually showing a final micropenetration 
below 150. These greases must channel 
quickly to avoid the churning action of 
the rotating ball complement with 
which they are held in close proximity 
by the seals or shields of the bearing 
More feedability is required for good 
operation in the larger grease reservoir 
of an open bearing housing. 

With proper packing of a housing 
about two-thirds full, excellent life has 
been obtained from greases that whip 
badly when over packed. A limiting 
micropenetration of 250 in the whip 
test for open bearing greases will cover 
products with satisfactory feedability 
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| Fig. 3—Microphotographs showing the structure of several typical greases for ball bearing motors. 
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while largely making unnecessary any 
precautions against over greasing. 


Lubrication 

A primary requirement of a grease 
in a motor is that it supply the small 
amount of oil essential to keep the 
bearing operating. The quantity of lub- 
ricant supply necessary from the grease 
increases with bearing size, speed, load 
and operating temperature, and with 
decreasing viscosity of the oil in the 
grease (Ref. 4). Some approximate 
analyses of the lubrication require- 
ments indicate that an oil feed of less 
than one-thousandth of a drop per hour 
is necessary for various ball bearings in 
the 15 to 50 mm bore size running at 
3600 rpm with a 300 SUS viscosity oil. 
This extremely low oil requirement of 
ball bearings emphasizes the need for a 
slow bleeding grease with good oxida- 
tion stability for long life. 

Judging from examination of hun- 
dreds of bearings from electric motors 
operating in the field with various 
lubricants, no extreme pressure or lu- 
bricity additives appear to be necessary 
in grease. The general lack of need 
for lubricity improvement in petro- 
leum greases is surprising since the 
Hertz stresses in the rolling contact 
areas between balls and races range to 
several hundred thousand pounds per 
square inch at even moderate loads. A 
hydrodynamic effect or the many-thou- 
sand fold increase in the viscosity of 
the oil at the high contact pressure in 
a ball bearing may account for the 


lack of dependence on lubricity. Good 
operation is obtained as long as the 
surface roughness of the bearing is cov- 
ered by a film of oil (Ref. 4). What- 
ever the reason, sufficient load capacity 
is available with oils down to about 30 
SUS viscosities. 

Some minimum lubricating quality 
in the oil is necessary. Ordinary sili- 
cone greases with their poor steel-on- 
steel lubricating properties, for in- 
stance, give erratic operation in heav- 
ily loaded bearings or when the speed 
factor (bore in mm multiplied by the 
shaft speed in rpm) exceeds about 
150,000 to 200,000. 


Bearing Protection 


A third function of grease is that of 
shielding the bearing from dust, dirt 
and moisture. Many motors are ex 
posed to dusty atmospheres or to rain 
and windblown dust. Since for econ 
omy of manufacture, it is desirable to 
design general purpose motors for 
wide usage rather than to design spe- 
cial motors for every application, grease 
when properly used, is an effective 
seal that helps to relieve design prob- 
lems. 

Grease protects bearings from mois- 
ture in more than one way. Grease can 
act as a physical barrier, which is the 
principal mechanism of water-insoluble 
soap greases. Or grease can absorb 
small amounts of water as sodium base 
soaps do and thus prevent rusting of 
the bearing. Even with more water 
than can be absorbed, the sodium soap 
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may offer protection by dissolving in 
the water to form a rust inhibitor 
While non-water-soluble soaps may 
lack this mechanism, they appear from 
severe laboratory tests to provide good 
protection if they are applied so as to 
cover completely all metal parts. And, 
of course, non-water-soluble soaps are 
more resistant to water washing than 
sodium soaps 

Both types of grease serve efficiently 
to bar foreign matter from the bearing 
when used in a simple housing. By 
experiment it has been found that, un- 
less it is filled with grease no labyrinth 
is an effective dust barrier. A grease 
filled labyrinth, however, will protect 
the bearing from harmful contaminants 
such as dust and dirt much longer than 
a rubbing seal on the bearing. 


Low Torque 

In fulfilling its other functions, the 
grease should offer little resistance to 
bearing operation. Both the power loss 
during normal running, and the start 
ing torque required at low tempera- 
ture are factors that generally influence 
the selection of a grease. 

The power lost in bearings is only 
a small proportion of the motor output 
Losses are of the order of 1 percent 
for 5 horsepower motors. For smaller 
motors, the percentage losses are high- 
er; and for larger motors, are lower. A 
slight loss of motor efficiency is often 
not as important as other reasons for 
avoiding high friction. Excessive fric- 
tion causes high bearing temperatures 
with correspondingly shorter grease life 


Table II—Whip Test Results of Greases Compared With Their Life in Bearings 


Final micropenetration was measured (Ref. 3) after running 24 hours at room temperature at 1800 rpm with lock 
nut and lock washer on No. 306 open bearing containing a full charge of grease of approximately 70 grams. 


Hours of mean life are in No. 306 bearing at 212 F and 3600 rpm (Ref. 5) 








MICROPENETRATION HOURS MEAN LIFE 
GREASE 
INITIAL FINAL OPEN BEARING DOUBLE SEALED BEARING 
COMMON OPEN BEARING GREASES 

G 90 > 420 > 10,000 
H 66 360 8,000 
B 44 170 4,400 1,400* 
A 90 420 2,000 480* 
I 55 205 

COMMON SEALED BEARING GREASES 
C 93 80 2,000 4,600 
F 61 130 1,900 3,200 
J 40 40 2,500 2,900 
D 54 85 1,900** 2,000** 
K 56 120 1,000 
L 74 300 

*Double shielded type bearing **At 302 F 




















Table III—Limiting Oil Vis- 
cosity for Satisfactory Low 
Temperature Operation 


APPROX MAXIMUM 





90 440 


80 





380 





70 340 


60 310 





and possibly excessive bleeding. High 
torque greases also often give trouble 
with noisy operation and vibration. 

The properties required in a grease 
for low power loss are not clearly de- 
fined. Generally there is a tendency 
for high loss with non-channeling 
characteristics and with high oil vis- 
cosity. Viscosity itself is not critical, 
however, as power losses are found to 
be essentially the same for many Grade 
2 greases with oils having viscosities 
ranging from 70 to 2000 Saybolt sec- 
onds at 100 F. 

Electric motors should be able to 
operate at temperatures as low as —25 
F to be satisfactory for general use 
throughout the United States. The abil- 
ity of a grease to perform at this low 
temperature can be readily determined 


by checking the torque of a greased 
bearing in the laboratory. 

A value of 1000 gram-centimeters 
in a No. 204 bearing at 1 rpm has 
been found to be the limiting torque 
for operation of medium sized motors. 


OIL VIS- | 100 F OIL VISCOSITY | "- 
COSTY | FOR -25 F GREASE, This torque corresponds to an oil vis- 
)Ë . " . 
* D cosity of 500,000 SUS in many greases 
100 510 (Ref. 2). For various viscosity index 


oils, the approximate maximum 100 F 
viscosity for a —25 F grease can be 
estimated from Table III. From these 
values, it would seem desirable to have 
a high viscosity index oil of about 400 
to 500 second viscosity at 100 F. Such 
an oil should provide maximum sta- 
bility and a minimum evaporation rate 
while still enabling satisfactory low 
temperature operation. With a viscos- 
ity index of 60 to 70, a 300 second oil 
would be called for. 


Chemical Stability 


In addition to physical stability, 
grease for electric motors must have 
chemical stability. Essentially this 
means resistance to oxidation. Oxida- 
tion of the soap can break down the 
structure of the grease and permit ex- 
cessive bleeding. Oxidation of the oil 
results in it thickening and eventually 
solidifying. Ball bearings, fortunately, 
will be lubricated by oxidized oil as 
long as any is still fluid. 

There is as yet no good short-time 
criterion for oxidation stability in elec- 
tric motors. The standard Norma-Hoff- 
man test is recognized to be an index 
more of storage life than of operational 






life. A dynamic grease oxidation tester 
has recently been developed in which a 
grease packed ball bearing is magneti- 
cally rotated in a bomb. With this test- 
er, it is hoped that enough data will 
soon be available to determine the per- 
formance necessary for satisfactory life 
in electric motors. Data may be accu- 
mulated in a short time because bomb 
oxidation proceeds more rapidly when 
the grease is being stirred. For exam- 
ple, a life test may be run in one week. 

In lieu of simpler measures of oxi- 
dation stability, ball bearings operating 
under motor speeds and loads have 
been employed extensively in the lab- 
oratory to evaluate life (Ref. 5). In 
Table IV are given life test results for 
several greases together with bleeding, 
evaporation, oxygen bomb life, and oil 
viscosity data. 

The almost complete lack of corre- 
lation between individual factors is 
evident. The over 10,000 hour life 
with the grease with a 200 SUS oil 
indicates that high viscosity in itself is 
not essential to long life. Low volatil- 
ity, however, is important and the gen- 
erally lower volatility with increased 
oil viscosity would suggest use of the 
most viscous oil possible while still 
having satisfactory low temperature 
operation. 

The chemical composition of the 
soap does not seem critical, since good 
results have been obtained with soda, 
soda-calcium, lithium, and strontium 
soap greases. Hours in a static oxygen 
bomb is scen to give little correlation 


Table IV—Characteristics of Several Ball Bearing Greases 








Geometric mean life data are given for No. 306 ball bearing at 3600 rpm and 212 F (Ref. 5). 
Bleeding data as determined by modified MIL-G-3278 procedure, 700 hours at 212 F. 
Evaporation data as determined by modified MIL-G-3278 procedure, 700 hours at 212 F. 
Norma-Hoffman bomb test data as determined by ASTM procedure D942-50 at 210 F. 


















een bts GEOMETRIC MEAN LIFE, | OIL VISCOSITY, BLEEDING, EVAPORATION, N-H BOMB TEST, 
GREASE HRS SUS, 100 F PERCENT PERCENT HRS TO 20 PSI DROP 
WEIGHT WEIGHT 
M >10,000 2,200 | 4.0 
N >10,000 500 6.0 


G >10,000 200 | 19.5 
B 4,400 700 | 7.3 | 2.5 
2,800 300 11.4 
2,500 500 0.1 | 6.0 
2,500 300 15.1 
2,000 300 4.7 
2,000 300 7.1 
1,700 280 3.6 
1,600 200 10.0 | 7.9 
1,200 | 283 ii | 




















250 


2400 


40 
600 


| 





























eui a RN 


with life. Even the poorest life was 
obtained with a grease giving fairly 
good bomb test results. This poorest 
grease became encrusted with a hard 
surface layer that apparently interfered 
with its normal feeding of lubricant 
to the bearings. 

Compatibility between greases is an- 
other form of stability required of a 
grease for use in electric motors. Ideal- 
ly, any good grease should form a sat- 
isfactory mixture with any other. And 
fortunately, this is so in practice to a 
great extent. Although a mixture of 
greases having radically different soaps 
may have an appreciably lower drop- 
ping point than either of the individ- 
ual greases, such instances are rare and 
the authors have found none in which 
serious differences in penetration re- 
sulted from working grease mixtures. 
Nevertheless, any candidate for wide- 
spread use in electric motors must be 
examined with this thought in mind: 
In the field, fresh grease may be put 
on top of a previously used grease. 


Proposed Specification 


On the basis of these requirements 
and the general relations found be- 
tween performance and grease proper- 
ties, an attempt can be made at pro- 
posing a specification that should cov- 
er ideal electric motor greases. In Table 
V such a specification is indicated. 

Of the factors in the specification, 
the performance characteristics are be- 
lieved to be of primary importance. 
The life expectancy with such a grease 


in open bearings at various tempera- 
tures is compared in Fig 2 with that 
of greases normally available in the 
past. Also indicated is the ideal life of 
greases for present motors, which re- 
flects the approximate insulation life 
at high temperature and an approxi- 
mate obsolescence life at lower tem- 
peratures. 

The physical properties, composi- 
tion, bleeding and evaporation, and 
oxygen bomb test requirements are 
presented largely as guides that may be 
helpful in arriving at the desired per- 
formance. With a low volatility oil, for 
instance, the viscosity could well be 
considered lower than the 500 seconds 
limit indicated. Somewhat lower pene- 
tration might also be desirable with 
some soap types. 

A parallel specification is given for 
greases for use in double shielded and 
double sealed bearings. In these bear- 
ing types, a somewhat lower penetra- 
tion grease is generally desirable along 
with better stability under severe whip- 
ping conditions. The life of the better 
greases in these enclosed bearings has 
been found lower than for suitable 
greases in open bearings. This differ- 
ence may result partly from the severe 
requirements on physical stability, 
which eliminate the use of many 
greases with good chemical stability. 
The restricted reservoir of grease avail- 
able for lubrication in the double 
sealed type may also be at least par- 
tially responsible for the shorter life. 

No greases have been found that en- 
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tirely meet the performance require 
ments of this specific ation. Several so 
nearly do, that in the near future some 
such outstanding products should b 
developed from the raw materials now 
at hand. 

The manufacture of greases that 
meet these proposed specifications and 
their availability from many suppiiers 
would be most desirable. 

The development of these ideal 
greases will represent an important 
milestone by the grease industry in 
aiding the electric motor manutactur- 
ers in their search for materials that 
can be incorporated in their designs 
with the result that their products will 
have longer life and also be easier to 
maintain. 
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Table V—Proposed Specification for Motor Ball Bearing Greases 


PROPERTIES 


Worked Penetration 

Oil Viscosity, SUS at 100 F 
Viscosity Index 

Soap Type 


N-H Bomb, hrs to 20 psi drop at 210 F 
Bleeding, wt % in 500 hrs at 212 F 
Evaporation wt % in 500 hrs at 212 F 


PERFORMANCE 


OPEN BEARINGS 


265-295 
500 max 


DOUBLE SEALED BEARINGS 


230-280 


500 max 


See Table II See Table II 


Na-Ca, Li, Na 


750 min 
10 max 
2 max 


Low Temperature Limit for 1000 gm-cm starting “torque in 


No. 204 bearing 


Mean Life at 212 F, No. 306 bearing at 3600 rpm, hrs 


Micropenetration after 25 hrs in over packed bearing 


Rust protection 


Compatibility 


25F 


250 max 


Satisfactory 


OPEN BEARINGS 


Na, Na-Ca, Li 
750 min 
5 max 


2 max 


DOUBLE SEALED BEARINGS 


25F 


10,000 min 5,000 min 


150 max 


Satisfactory 


With all common 


ball bearing greases 
idem i Ee 
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Effect of Combustion Chamber 
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Cadillac Motor Car Div'sion 
General Motors Corporation 


SMOOTHNESS in an automobile engine 
means that combustion roughness and 
detonation are absent or under good 
control. Combustion roughness is com- 
monly observed as an objectionable or 
disagreeable engine vibration that can 
be detected inside the passenger com- 
partment. Detonation is observed as a 
metallic knock or ping. 

Combustion roughness is controlled 
by using a combustion chamber design 
that avoids a high rate of pressure rise 
by affecting a lower rate of burn, and 
by designing more rigid crankshaft and 
crankcase structures. Detonation is 
controlled by increasing the quality of 
the fuel, by increasing the turbulence 
in the combustion chamber, by increas- 
ing the rate of burn, and by cooling 
the last part of the charge to burn. 

Besides these principal considera- 
tions, engine smoothness is dependent 
upon several of the characteristics of 

* The JOURNAL is available regularly only to 
engineering educators and technical libraries 
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an internal-combustion engine. A clear 
understanding of smoothness, there- 
fore, is best obtained by considering 
the basic principles of power output 
given in Table I, and of combustion 
chamber design. 

Increasing the volumetric efficiency 
or the mechanical efficiency does not 
directly affect smoothness. On the other 
hand, many of the factors affecting 
thermal efficiency have a great deal to 
do with smoothness. This discussion 
is confined to the factors affecting 
smoothness. 


COMBUSTION CHAMBER CHARACTER 
IsTICs. Extensive research work has 
been done on experimental single- and 
multi-cylinder Cadillac engines having 
various combustion chamber shapes. 
The objective of this work was to ar- 
rive at a chamber design capable of 
high compression and high efficiency 
without engine roughness. The result 
of this study is Cadillac’s wedge-type 
turbulent combustion chamber. In Fig 
1(A) is shown the 1953 chamber de- 
sign at 8.25 to 1 compression ratio. 
The wedge-shaped chamber was first 
introduced in the 1949 engine, it has 
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experimental Cadillac engines. 


charge on its combustion time. 


a compression ratio of 7.5 to 1. Since 
the designers of racing cars and air- 
craft engines have proved the excellent 
high output characteristics of the non- 
turbulent hemispherical combustion 
chamber, Fig. 1(B), careful considera- 
tion was given this design. In analyzing 
these two types of combustion cham- 
bers, it is significant to compare the 
following characteristics: Power out- 
put; detonation control; control of rate 
of burn; and combustion roughness 


POWER OUTPUT. Laboratory tests on 
various valve- in- head combustion 
chambers show that the best ultra-high- 
speed power characteristics are ob- 
tained with a hemispherical chamber 
with the vee valve arrangement, as 
shown in Fig. 1 (B). 

High-speed power, however, is of 
little value for automotive application 
because road-car tests indicate that en- 
gine speeds above 4,500 rpm produce 
objectionable noise and vibration. The 
horsepower of the 1953 Cadillac en- 
gine (210 hp at 4,150 rpm) and that 
of an experimental Cadillac engine 
(250 hp at 4,800 rpm) are shown in 


Fig. 2. Road-car tests with the experi- 
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Fig. 2 Left—Horsepower and engine 
speed at full throttle of 1953 and of 


Fig. 3 Above—Effect of increasing 
the temperature of the combustible 
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mental engine show only small gains in 

performance over the standard engine 

when normal gearing is employed. 

Higher gearing improved the perform- 

ance of this engine, but engine noise 
was objectionable. 


DETONATION CONTROL. Engine out- 
put and thermal efficiency increase 
with the compression ratio, but the 
maximum compression ratio is limited 
by detonation with commercially avail- 
able fuels. Detonation is a result of the 
almost instantaneous combustion of 
the last part of the charge. The char- 
acteristic knock of detonation is caused 
by the vibration of the cylinder walls 
as a result of the extreme pressure 
gradients set up within the combustion 
chamber. 

The intensity of the knock is de- 
pendent on the percent of weight of 
the charge that is burned in this final 
compression-ignition process. 

Preignition is another type of un- 
controlled combustion. In preignition, 
the charge is ignited by incandescent 
combustion chamber deposits or hot 
spots before the normal spark occurs. 

Gasoline and air mixtures of flam- 


mable proportions self-ignite if com- 
pressed to sufficiently high tempera- 
tures and pressures. However, there is 
a definite length of time required, de- 
pending on temperature and pressure, 
to complete the necessary physical and 
chemical preliminaries for the process 
to occur. 

In a running engine, compression 
increases the temperature of the com- 
bustible charge. The combustion proc- 
ess further compresses the unburned 
fraction to such a degree that the self- 
ignition temperatures of the last frac- 
tion to burn are always attained long 
before it is reached by the flame from 
the ignition spark. It is the time lag, 
Fig. 3, in the combustion of the last 
part of the charge, however, that en- 
ables the flame front to pass through 
the last part of the charge and there- 
fore burn it in a normal manner before 
detonation can occur. 

The quality of the fuel plays an im- 
portant part in detonation control. 
Fuels are rated in octane numbers, 
which are indices of relative immunity 
against the tendency to detonate. A 
fuel of high octane is essentially a 
fuel having a high ignition tempera- 
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ture. The only way to avoid detonation 
is to prevent the last part of the charge 
from attaining the ignition tempera- 
tures before it is reached by the flame 
front. Such prevention can be im- 
proved by several means: Lowering 
the temperature of the entering charge; 
lowering the jacket temperature; cool- 
ing the last part of the charge; de- 
creasing the combustion time; provid- 
ing optimum air-fuel ratio for each 
load-speed condition; minimizing com- 
bustion chamber deposit accumulation; 
and increasing the turbulence of the 
mixture. 

Lowering the temperature of the 
entering charge helps to lower the 
temperature of the end gases in com- 
bustion. In practice, however, the 
charge is preheated in the intake mani- 
fold to about 130 F at part throttle for 
better mixing of the charge. This pre- 
heating provides for successful ignition 
of much leaner mixtures at part throt- 
tle operation with some sacrifice to 
octane requirements at full throttle 
operation. 

Lowering the temperature of the 
water jacket also helps to lower the 
temperature of the end gases in com- 


H7 











bustion. Laboratory and field tests indi- 
cate that jacket temperatures below 
150 F produce excessive amounts of 
water and sludge in the crankcase; 
hot water heater performance is also 
poor. High jacket temperatures also 
improve mixing of the charge during 
lean part throttle operation. Jacket 
temperatures, therefore, are normally 
held at 165 to 185 F in practice. 
Uniform temperature distribution in 
the water jacket is essential for deto- 
nation control. Localized hot spots that 
result from poor cooling can greatly 
increase engine octane requirements. 


QUENCH AREA. A more practical con- 
trol of detonation is to provide a means 
of enabling the last part of the charge 
co burn normally. The heat generated 
by compressing the end gases must be 
conveyed quickly from the charge by 
conduction and radiation. This can be 
accomplished by having combustion 
end in a shallow section of the com- 
bustion chamber called the quench 


Fig. 6—Characteristics of non-turbu- 
lent, and high-turbulent combustion 
chambers operated in experimental 
engines. These are typical of several 
combustion chamber designs tested. 
Of special interest are the un-retouched 
photographs of sound spectrograms, 
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in which intensity of brilliance (white) 
is an indication of sound intensity at 
the frequencies indicated. 


Quench and Squish Area 


Fig. 7—A _ turbulent hemispherical 
chamber. Tests of this design indicate 
that, when sufficient space is allowed 


for valve clearance and inherent vari- 
ables, the degree of turbulence is low. 
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area, Fig. 1(A). This section of the 
combustion chamber also can serve as 
the turbulent or squish area. 
Laboratory and road tests show that 
the shallower the section, the more 
effective it is in controlling detonation. 
Because of thermal expansion and in- 
ertia elongation of the reciprocating 
parts, about 0.040 in. is the lowest 
practical clearance that can be used in 
the quench area in normal size engines. 
Since the exhaust valve area is the 
hottest part of the combustion cham- 
ber, it is clear that combustion should 
never end near the exhaust valve. 


RATE OF BURN. Many research studies 
shcw that the octane requirements of a 
spark ignition engine decrease as the 
combustion time is decreased. The 
time for combustion can be shortened 
by: Compact chamber design; high 
turbulence in the combustion chamber; 
placing the spark plug near the center 
of mass of the charge; and increasing 
engine speed. 

Laboratory tests on various valve-in- 
head combustion chambers at 9 to 1 
compression ratio show that full throt- 
tle octane requirements range from 
70 to 100. This difference in octane 
requirements has been termed mechan- 
ical octane numbers. Combustion 
chambers with the fastest rate of burn 
consistently show the lowest octane 
requirements and the greatest combus- 
tion roughness. In Fig. 4 is shown the 
crank angle and pressure relationship 
of a fast and of a slow burning com- 
bustion chamber. 

Dynamometer tests prove that the 
detonation control of a turbulent cham- 
ber is superior to a non-turbulent hem- 
ispherical chamber with the same com- 
bustion time because: The hemispheri- 
cal chamber has a higher peak pressure 
and, consequently is more sensitive to 
ignition by compression; and the hemi- 
spherical chamber has no quench area 
to cool the last part of the charge. 


COMBUSTION ROUGHNESS. Combus- 
tion roughness has been observed as 
an objectionable engine noise that can 
be detected inside the passenger com- 
partment. This noise lies chiefly in the 
frequency range between 400 and 
1,500 cps, with the most objectionable 
components lying in the range of 800 
to 1,200 cps. Experimental data indi- 
cate that the exciting force of this 
noise is caused by: The rate of pres- 
sure rise in the cylinder during com- 
bustion; rate of change of pressure rise 
during combustion; and peak pressure 
in cylinder during combustion. 

The vibration is transmitted from 
the combustion chamber down the con- 
necting rods to the crankshaft, and also 
through the cylinder head and block 
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Table 1—Basic — 1 — and meer 


to the external surfaces of the engine. 

Combustion roughness may be con- 
trolled with good combustion chamber 
design that, in turn, controls the excit- 
ing force of the noise. Roughness also 
may be reduced by more rigid crank- 
shaft and crankcase structures. 

The rates of pressure rise in the 
cylinder are increased with higher 
compression ratios, higher turbulence, 
more compact chamber design, and 
with the spark plug located near the 
center of mass. Since turbulence will 
vary with speed, the degree of turbu- 
lence of any combustion chamber de- 
sign can be determined by observing 
the change in the rate of pressure rise 
over the speed range. This relationship 
between rate of pressure rise and speed 
is shown in Fig. 5 for the highly tur- 
bulent, turbulent, and non-turbulent 
chambers shown in Fig. 6. 

To obtain satisfactory detonation 
control in the maximum indicated 
mean effective pressure speed range 
with a non-turbulent combustion cham- 
ber, the chamber must be compact and 
the spark piug must be near the center 
of mass of the charge. This combina- 
tion results in high rates of pressure 
rise and accompanying combustion 
roughness at low engine speeds. 

The octane requirements and com- 
bustion roughness characteristics of 
the highly turbulent, turbulent, and 
non-turbulent chambers at 1,000 rpm 
are summarized in Fig. 6. The turbu- 
lent chambers show lower rates of 
pressure rise and also lower octane re- 
quirements. The sound spectrograms 
shown in Fig. 6 indicate that, since the 
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rates of pressure rise are lower, the 
combustion roughness noise is lower. 

Since best detonation control is 
achieved with a fast-burn chamber, the 
optimum combustion chamber design 
is one that produces a fast uniform 
rate of burn. This can best be achieved 
with a turbulent chamber and with the 
spark plug positioned in a highly tur- 
bulent section, thus starting the com- 
bustion process rapidly. 


LIMITS ON COMPRESSION RATIO. The 
foregoing discussion shows that when 
the spark plug is located near the cen- 
ter of mass of the charge in the hemi- 
spherical combustion chamber, ex- 
tremely high rates of pressure rise oc- 
cur at low engine speeds with resultant 
combustion roughness. When the spark 
plug is moved to reduce the rates of 
pressure rise, detonation control is 
sacrificed. Some turbulence can be de- 
signed into the hemispherical chamber, 
Fig. 7, but because of valve position 
and possible valve-gear misbehavior, 
the clearance between the piston and 
head must be at least 0.150 to 0.200 
in. Laboratory tests show that squish 
clearances must be less than 0.100 in. 
to produce noticeable turbulence. 

The rate of burn and, consequently, 
the combustion roughness increases 
with increased compression ratio. 
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Piston 


From General Motors Engineering Journal * 


Cylinder heod 


Interchangeable inserts 


Fig. 1—Different combustion cham- 
ber locations and depth to diameter 
ratios are obtained by changing in- 
serts of various shapes in pistons 
and the cylinder head of test engine. 


Fig. 2—Loop scavenged system of test engine. Air supplied from the 
blower sweeps upward through intake ports in the cylinder liner 
toward the cylinder head and expells exhaust gases through radial 
exhaust ports which also are in the cylinder liner. 


Diesel Engine Performance 


HERBERT H. BLACK 
Diesel Equipment Division 
General Motors Corporation 


CONSIDERABLE STRIDES have been 
made in the development and appli- 
cation of Diesel engines in recent years. 
Much of this progress has resulted from 
the more efficient combustion of fuel. 
Any exploratory study to improve fuel 
combustion involves the determination 
of compatible injection and combus- 
tion chamber combinations. 

An expedient method for such ex- 
ploratory study, which was carried out 
at the Diesel Equipment Division of 
General Motors Corporation, shows 
how designs based on a knowledge of 
theory are advanced to a practical stage 
by experimental testing. The study 
herein reported is a case example of 
how an industrial laboratory can plan 
and conduct such tests with a mini- 
mum of materials and manpower. 


* The Jowrnal is available regularly only to engi- 
neering educarors and technical libraries. 
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In engineering a Diesel engine, it is 
important that the fuel injection sys- 
tem and the combustion chamber de- 
velopments be closely associated. This 
association is required particularly in 
the two stroke engine where scavenging 
of the cylinder also is critically related 
to the combustion of fuel. Assuming 
that the cyclic operation of clearing the 
chamber of exhaust gases and re- 
plenishing it with air is efficient, the 
injection elements and the combustion 
conditions have important parts in 
determining engine performance, 
power output, and fuel economy. 

Injection, combustion, and scaven- 
ging are so closely interrelated that one 
cannot be changed without the others 
being affected by the change. Although 
adequate and excellent theoretical in- 
formation is available on the inter- 
relation of these functions, experience 
shows that behavior in a Diesel engine 
combustion chamber can be deter- 
mined accurately only by building and 
testing — designs. 

It is seldom possible to use the de- 


sirable engineering approach of chang- 
ing one variable at a time when testing 
to determine the merits of the innu- 
merable possible combinations of com- 
bustion chamber and injection factors. 
For example, a change of spray orifice 
simultaneously affects such conditions 
as injection pressure, rate of injection, 
atomization, and penetration. 

Furthermore, combinations found to 
be successful in one type of engine or 
with one design of combustion cham- 
ber are not necessarily applicable to 
others. 

Test results obtained with one design 
of combustion chamber, however, can 
lend impetus to the development of 
another type that may be more suitable 
from a structural, thermal, or perform- 
ance standpoint. At any rate, it should 
be borne in mind that no generalities 
may be taken for granted. Suitable 
combinations of combustion system 
factors are often peculiar to the indi- 
vidual type of engine. 

Conventional methods of fabricating 
experimental pistons and cylinder heads 
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Fig. 3—Combustion chamber locations and configurations formed by inserts of several shapes. —(A), (B), and (C) 
Extremes of chamber locations. —(D), (E), and (F) Extremes of depth to diameter ratios.—(G). (H). and (1) Varia- 
tions of shape and center cone. 





Improvement by Experimentation 


to study the variables in injection, These inserts are threaded to screw 


combustion and scavenging are both 
costly and time consuming; normally, 
new cylinder head and piston castings 
are required for each change of test 
condition. 

One method of study that has proved 
to be successful at the Diesel Equip- 
ment Division requires only: (1) In- 
terchangeable injection systems of dif- 
ferent types; and (2) A variety of 
inserts, Fig. 1, which can be easily 
installed in the cylinder head and 
pistons of a test engine to obtain dif- 
ferent combustion chamber locations 
and depth to diameter ratios. 

A complete change of combustion 
Chamber is achieved by simply remov- 
ing the cylinder head and changing 
these inserts. A direct test of identical 
combustion chambers with inserts 
against conventional parts indicates 
that performance is not abnormally 
affected. 

The test engine is a conventional 
four-cylinder two-stroke model, having 
no valves to obstruct changes in the 





Fig. 4—Design with the chamber above 
the piston and with a relatively large 
diameter and a small depth of cham- 
ber. The diameter of the chamber is 
0.59 of the cylinder diameter, the 
depth is 0.21 of the chamber diameter. 


cylinder head. The engine is of the 
so-called loop scavenged type, Fig. 2, 
having both inlet and exhaust ports in 
the cylinder. The burned gases are 
swept out by the incoming air sup- 
plied from a mechancially driven 
blower, which also charges the cylinder 
with fresh air for the next cycle. 

The inserts are of cold rolled steel 
machined in a large variety of shapes 
to achieve the open type of combus- 
tion chambers shown in Figs. 3 and 4. 
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into threaded recesses in the cylinder 
head and the pistons of the test engine. 
The piston inserts are sealed against 
pressure by copper gaskets, while the 
cylinder head inserts extend over the 
regular head gasket. After assembly, 
the inserts are tightened in place with 
a special spanner wrench. 

In the fuel injection systems, pro- 
visions are available to incorporate all 
manner of changes such as different 
types of nozzles, injection valves, tim- 
ing adjustments, metering plunger 
sizes, and cam designs. The photo- 
graphs reproduced in Figs. 5 to 8 of 
fuel sprays, in the atmosphere, pro- 
duced by some of the different nozzles 
serve to indicate their characteristics. 

The fixed orifice type fuel injector, 
Fig. 5, discharges the fuel at very high 
pressure through ten orifices each 
having 0.005 in. dia. The spray from 
a piston valve nozzle having orifices of 
0.007 in. dia is shown in Fig. 6. The 
amount that these holes are uncovered 
is controlled by a small piston, the 
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travel of which is dependent on in- 
ternal pressure. The variable orifice 
ettect of this piston valve tends to 
assist atomization when small quan- 
tities of fuel are injected as at part 
throttle 

[he pintle valves, Fig. 7, and the 
poppet valves, Fig. 8, distribute the 
tuel ın the form ot a conical spray. 


The Tests 


A general combustion chamber study 
was not involved in the tests to be dis- 
cussed The purpose, rather, was to 
obtain information on how some par- 
ticular combustion chamber character- 
istics are related to injection factors. 
For this reason, it was consiaered ad- 
vantageous to adhere basically to the 
type of chamber shown in Fig. 3. 
Then, some of its details could be 
varied as needed to reveal compatabil- 
ity with features of the respective in 
jection equipment. 

In accordance with this plan, the 
combustion spacer was made to con- 
stitute a simple concentric cylindrical 
shape, with suitable radii, and having 
the injector nozzle centered in the top 
This small cylindrical space could then 
be shifted to cover a wide range of 
experimentation from major volume in 
the cylinder head to major volume in 
the piston. The depth to diameter 
ratios could be varied, center displacers 
could be used, and some modification 
could be allowed in the general con- 
hguration 

[It was found essential in all con- 
figurations to minimize the clearance 
between the top surface of the piston 
and the cylinder head, thus moving the 


maximum available air into the com- 
bustion space This clearance was 
found to be particularly important 


when the combustion chamber was 
small and the piston rim was wide. 
It also served to squeeze, or squish, the 
air in at high velocity to create tur- 
bulence and to induce intimate mixture 
with the fuel. The latter is advantage- 
ous in an engine where there is no 
other provision to create air movement. 
The maximum calculated air squish 
velocity is attained at about 8 deg 
before top center 

In regard to compression ratio, 15.5 
to 1 was found suitable for good per- 
formance, while 18 to 1 proved more 
satisfactory for starting advantages. 
These ratios were calculated on the 
basis of air volume in the cylinder at 
the time the top of the piston was even 
with the top of the exhaust ports. 

In this series of tests, the multiple 
fixed-orifice injection nozzle shown in 
Fig. 5 gave good performance in the 
larger diameter combustion chambers, 
such as those shown in Figs. 3 (D) and 
í. In this assembly, Fig. 5, a spring 
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Fig. 5—Fixed multiple orifice injection valve produces a 
uniform spoke type spray. Spray tip has ten orifices. 
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Fig. 6—Piston valve nozzle and spray it produces at full 
throttle. Atomization of spray is good at part throttle. 


loaded valve is used between the in- 
jection pumping plunger and the 
nozzle to retain the fuel and to provide 
positive control over the beginning and 
ending of fuel discharge. Near the 
extremity of the nozzle, the discharge 
holes are situated radially and at an 
angle dictated by the combustion 
chamber. Some compromise is made 
between the optimum orifice for low- 
speed performance and the avoidance 
of excessive restriction at high speeds. 
The average calculated fuel velocity at 


the tip was 1,500 ft per sec at 3,000 
rpm engine speed. 

The piston valve nozzle, Fig. 6, indi- 
cated advantages on part load fuel 
economy. Using multiple orifices of a 
larger size, the nozzle was designed 
to throttle the orifices in relation to the 
quantity of fuel being injected. This 
valve gave its best performance when 
used in a combustion chamber smaller 
and deeper than the chamber required 
for the fixed orifice nozzle. 

Pintle and poppet nozzles, Figs. 


Product Engineering — 1955 |, Annual Handbook 
















<Ë 
SI 








77727277 


A 


d M uh unu un P oh 


NY NI | YE 
i < E Spring 
2-4 T 
Z es 
M seat 
N 


— 







SS 


iN 


Valve nu? 


Valve and tip 


Fig. 7—Pintle nozzle valve discharges a continuous conical 
fuel spray into chamber. Included angle of cone is limited. 
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Fig. 8—Poppet valve produces an uninterrupted conical 
spray. Any desired angle of the cone can be provided. 


and 8, respectively, which have a per- 
ipheral opening and discharge an un- 
interrupted sheet of fuel, did not pro- 
duce satisfactory power or fuel 
economy. It was considered likely 
that these types with their practically 
unrestricted opening and low injection 
pressure would be more’ successful 
when mated with a relatively more 
compact combustion chamber. While 
this proved true to a certain extent, 
the engine perfotffiance was unfavor- 
able with these valves within the scope 


of this investigation and objectives of 
experimental study. 

For use with the piston valve spray 
tip, the tentative optimum proportions 
of the combustion chamber, Fig. 
3 (G), placed 60 percent of the vol- 
ume in the cylinder head and 40 per- 
cent in the piston. The overall depth 
of the combustion chamber is 0.38 
of its diameter and the diameter of 
the combustion chamber is 0.46 of the 
Cylinder diameter. The injector nozzle 
was located so that the fuel spray was 
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directed at the path of the inrushing 
air squeeze at the split line between the 
piston and head. A conical hump in 
the center of the piston was beneficial, 
its altitude being equal to the height of 
the piston rim. 

A mod.fication of the design shown 
in Fig. 3 (G) permitted the fuel spray 
to be elevated considerably above the 
split line. It may be assumed that the 
air motion followed a different path 
Along with this change, it was found 
that other alterations of proportions 
contributed to a new favorable combi 
nation. In this design, Fig. 3 (1), the 
depth of the combustion chamber is 
0.62 of its diameter and the diameter 
of the chamber is 0.4 of the cylinder 
diameter. 

These three examples, Figs. 3 (G 
5 (D), and 4, proved to be favorable 
from the standpoint of fuel economy 
[t was also demonstrated that the more 
compact chambers, such as those shown 
in Figs. 3 (G) and (I), were espe 
cially successful in conjunction with 
the piston throttle nozzle shown in Fig 
6. This evidence, along with other re 
sults of similar nature, produced the 
conclusion that a reduction of injection 
pressure, and consequently less pene 
tration, required a change in air dis- 
tribution, that is, volume distribution 
in the combustion chamber 


Design Exploration 


Research and development work cov 
ering the interrelationships of injection 
system desien, combustion chamber 
design, and the efficient combustion of 
fuel are continuous projects. Through 
such efforts and carefully planned ex 
periments, much data are obtained that 
enable engineers to intelligently ap 
proach the problem of improving the 
perfomance of Diesel engines 

The results demonstrate that success 
ful Diesel engine performance requires 
proper combinations of injection sys- 
tem and combustion chamber designs 
that may be attained through carefully 
coordinated experimental development 
The method of study discu 
particular merit of enabling, with 
simple inexpensive parts free- 
dom of alteration of cv'inder head and 
piston shapes. These shapes, combined 
with the use of interchangeable injec 
tion systems, offer wide areas of ex 
ploration for Diesel engine designers 
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Developments to Watch 


ATOMIC POWER . . . Costs, me- 
ods, and prospects of atomic power are 
still largely shrouded in secrecy. A 
study sponsored by the U. S. Atomic 
Energy Commission, however, reveal 
some facts on the subject. 

In seeking to gage atomic-power po- 
tentials, AEC scientists base their esti- 
mates on a 20 year outlook. They as- 
sume that nuclear power plants will 
be available in the next ten to twenty 
years in a reasonable array of sizes. 

These nuclear plants will be capable 
of producing power at costs ranging 
from 7 to 8 mils per kw-hr if operated 
80 percent of the time. Investment 
costs will roughly be $75 per kilowatt 
more than costs of conventional steam 
or internal-combustion plants. 

On the basis of these probabilities, 
AEC scientists conclude that: Nuclear 
power plants will be competitive with 
conventional plants using high cost 
coal or oil; and they will not be com- 
petitive, at least in foreseeable stages. 
with existing hydro-electric generation 
or with future hydro-power developed 
at favorable sites. 

The only cost advantage that atomic 
plants offer over conventional power 
plants is in the fuel. The housing for 
the atomic firebox will be relatively 
expensive. Turbines, generators, switch 
yards, and transmission systems will 
cost about the same. 


PLANE POWERPLANT REVO- 
LUTION .. . Revolutionary changes 
in powerplant design and construction 
are underway aimed at pushing prac- 
tical aircraft speeds up to 1,300 mph 
at standard temperatures above 30,000 
feet. The powerplant revolution is 
comparable in scope and military im- 
portance to the radical changes in air- 
frame design that have boosted the 
potential of airframe performance 
from subsonic speeds to more than 
Mach 2 during the past decade. 

Among the trends in turbojet de- 
velopment leading to Mach 2 per- 
formance, NACA researchers cite the 
following: 
Compressors. Basic design changes 
aimed at handling a larger mass air- 
flow with a relatively small frontal 
area of the engine. 

Among the successful experiments 
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in compressor design resulting in in- 
creased mass airflow are: Increased 
blade length and reduced rotor hub 
diameter; increased blade speeds, and 
removing inlet guide vanes to in- 
crease airflow velocity. 

Combustion Chambers. New designs 
in combustion chambers are required 
to sustain burning at the increased 
air velocity provided by more efficient 
compressors. New hole patterns in the 
flame tube liner and a somewhat thin- 
ner combustion chamber design are 
promising trends toward flame tubes 
that can function efficiently at about 
twice the air velocity of current en- 
gines. 

Turbine. Methods have been explored 
of allowing increased gas temperatures 
over the turbine by using new heat 
resistant alloys and ceramic blade coat- 
ings and also by air cooling the tur- 
bine blades internally. 

Shock Wave Control. NACA has ex- 
perimented successfully with shock 
wave control as a method of increas- 
ing turbojet efficiency by using an ad- 
justable diffuser to position and sta- 
bilize the shock wave on the engine 
air inlet. Bypass doors on the com- 
pressor also are used to dump excess 
air in the engine that would result in 
unstable shock waves. From these ex- 
periments NACA also has developed 
a successful automatic control for ram- 
jets. 

New Fuels. NACA researchers see pos- 
sibilities of eventually using some met- 
als and metal hydrides that have higher 
heat contents than the gasoline and 
JP-4 aircraft fuels. These researchers 
are exploring new types of rocket en- 
gine fuels with higher energy than the 
currently popular alcohol-liquid oxy- 
gen combination and are working on 
methods of building new synthetic 
fuels by altering molecular structure. 


GAS TURBINE DEVELOPMENTS 
. .. There is already on the test track 
a gas turbine driven automobile. 
Should turbines replace the conven- 
tional reciprocating engines in auto- 
mobiles, and there are many indica- 
tions that they will, there will be a 
number of drastic changes. The size of 
the complete turbo-unit for the same 
horsepower output is only a fraction 


of the size of the engine with all of 
its accessories. Smaller volume under 
the hood will be possibe with the 
turbine drives. This will immediately 
pave the way for further radical 
changes in body design. Whereas the 
reciprocating engine even under the 
best conditions is always a possible 
source for annoying vibrations and 
noise, the gas turbine has no recipro- 
cating elements and operates with 
practically no noise. 

There is a distinct possibility that 
there may be developed an automobile 
in which the turbine is directly on the 
engine and a high speed electric gen- 
erator which furnishes power to elec- 
tric motors mounted directly on the 
wheels. This would eliminate all the 
usual transmission and gear shifts and 
by automatic electronic control would 
produce the perfectly ideal drive with 
intensified ^ acceleration, ^ infinately 
available speed control, and practically 
no mechanical power transmission as 
we know it today. It promises the 
smoothest and quietest running. 

One loudly voiced objection to the 
automobile turbine drive is the fact 
that its volume of exhaust for a given 
delivered horsepower is about 30 times 
the volume of exhaust of the conven- 
tional reciprocating engine. 

However, the objectionable gases in 
the exhaust resulting from imperfect 
combustion are vastly reduced and in 
a highly diluted state. Of course there 
would be no exhaust amplifier on the 
gas turbine and the amount of noise 
would be negligible. 

Chrysler's demonstration of a gas 
turbine for passenger cars with miles 
per gallon comparable to that of pis- 
ton engines presages striking devel- 
opments in that field. It brings with 
it new and bigger problems in high 
temperature materials, bearings and 
lubrication 

A number of trial railroad locomo- 
tives using gas turbines are being run 
on American railroads. Advantages— 
more power per cubic foot of engine 
size, no reciprocating parts, lower 
maintenance, far less noise and better 
torque-speed characteristics. Will the 
gas turbine replace the Diesel before 
the atomic locomotive is developed? 

Marine gas turbine developments 
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are coming out of England and it will 
be logical that some of the most note- 
worthy progress in this direction will 
be British. Rolls Royce has been se- 
lected by the British Admiralty to de- 
velop a prototype gas turbine of 6,000 
horsepower. 

In competion with Diesels, the gas 
turbine has some advantages and some 
disadvantages. It is expected that 10, 
000 horsepower marine gas turbines 
will be used in destroyers for high 
power combat maneuvering. 

Of course the marine gas turbine is 
much smaller than a steam turbine or 
a Diesel for the same power output, 
it can readily replace existing marine 
propulsion engines. And because of its 
relatively low operating speed and 
design simplicity it is expected that 
there will be long periods between 
overhauls. The principal disadvantage 
in the marine field is that the gas tur- 
bine is relatively inefficient at low 
cruising speeds. This situation might 
be overcome by the installation of a 
combination of gas turbines, one for 
low cruising speeds in port maneuver- 
ing and the other for high speed op- 
eration during long runs at sea. 


AIRCRAFT ENGINES AND 
FUELS .. . Although gas turbines and 
jet engines are being increasingly util- 
ized, particularly by the military serv- 
ices, much research and development 
remain to be done on components in 
order to attain the desired reliability, 
economy, performance, and safety. In 
this field the National Bureau of Stand- 
ards is concerned with problems of 
burning gaseous mixtures, of fuel han- 
dling and metering, and of determin- 
ing the composition and temperature 
of the products of combustion in gas 
turbines and other air-breathing jet 
engines. 

A continuing program of combus- 
tion research, sponsored by the Navy 
Bureau of Aeronautics since the begin- 
ning of the last war, includes both basic 
and applied studies of burning veloci- 
ties, flame temperatures, gas sampling 
and mixing, and the development of 
design and performance data on com- 
bustors for turbojets, ramjets, and 
afterburners. Another phase of the 
work for the Bureau of Aeronautics is 
concerned with the development, evalu- 
ation, and improvement of test equip- 
ment for the components of aircraft 
fuel systems. Original emphasis on 
carburetors has since shifted to the cor- 


responding parts of turbojet engines, 
and a hydraulically driven test bench 
for jet fuel-control units is now under 
development. Still other projects, spon- 
sored by the Air Force, deal with con- 
ventional and spectroscopic methods 
for measuring the temperature of hot 
gases flowing at high velocities, and 
with low-voltage high-energy ignition 
systems for turbojet engines. 

Much of the current work of NBS 
on thermal properties of gases has 
been undertaken to provide accurate 
thermal data on the gases which flow 
through jet engines or wind tunnels, 
or which an aircraft must encounter in 
the atmosphere. With the cooperation 
of the NACA, the Bureau recently 
completed calculation and compilation 
of 100 tables giving the thermody- 
namic and transport properties of such 
gases as oxygen, nitrogen, hydrogen, 
carbon dioxide, carbon monoxide, ar- 
gon, and steam from low temperatures 
and pressures to 5,000 K and 100 at- 
mospheres. Work in this general field 
is continuing. Included are projects 
sponsored by the Bureau of Aero- 
nautics on the thermodynamic proper- 
ties of air and the heats of combustion 
of jet fuels. Other projects are con- 
cerned with the determination of the 
temperature of very hot gases and a 
study of the thermal conductivities of 
jet-engine ex*zust gases. 

Basic work on the problem of 
knock in reciprocating engines has 
been conducted for several years. The 
relationship between the structure of 
hydro-carbon fuel molecules and their 
tendency to knock was developed from 
measurements on several score of very 
pure hydrocarbons synthesized at the 
Bureau. This work provided some of 
the basic information needed for de- 
velopment of high-octane fuels. In- 
vestigations of the relation between 
structure of the fuel and its burning 
velocity, combustion efficiency, heat of 
combustion, and other properties of in- 
terest in connection with jet fuels were 
also made possible by contributions of 
Bureau-synthesized hydrocarbons. The 
actual mechanism of the chemical re- 
actions taking place in combustion and 
their effect on knock are now being 
studied in three separate projects. De- 
velopments in this field include new 
and improved instrumentation; an ex- 
ample is a device that will extract an 
analytical sample of gas from an en- 
gine cylinder in 0.0002 second. 

NBS maintains the primary stand- 
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ards for the determination of the oc- 
tane numbers of both automotive and 
aviation fuels. With the cooperation of 
the American Society for Testing Ma- 
terials, research is carried on to in- 
crease the accuracy of these standards 
and to develop improved measuring in- 
struments and apparatus. The Bureau 
is also responsible for determining 
and maintaining standards of viscos- 
ity. In connections with this activity, 
basic lubrication studies are conducted 
on the characteristics of fluids, greases, 
and bearings for use in mechanical 
equipment. Recently methods have 
been developed for the Navy Bureau 
of Aeronautics which show promise for 
controlling the anti-wear and load- 
carrying properties of lubricants for 
turbine-propeller aircraft. 


HEAT PUMP . . . Air, our most 
abundant resource, will soon find it- 
self with another big job on its hands. 
That air will soon be providing home 
heating as well as cooling is sug- 
gested by the development of a new 
heat pump by the Westinghouse Elec- 
tric Corporation. The pump system 
produces three times as much heat 
as is available in the electrical energy 
required to operate it. This efficiency 
value is for an outside temperature 
of 50 F and an inside temperature of 


70 F. In sections where extreme cold 


is encountered, accessory strip heaters 
are provided. 

Field trials indicate that the com- 
parative cost of operation of the heat 
pump as compared with that of fuel 
burning equipment is dependent upon 
the local cost of electricity. In general, 
however, where the electric rate is 
less than two cents per kilowatthour, 
the heat pump is competitive with 
other methods of heating. 


TRACTOR DRIVEN GENERA- 
TOR . . . International Harvester 
Company's “Electrall” is probably the 
signal for a revolution in the design 
of farm machinery. The Electrall is a 
generator mounted on and driven by 
the tractor. It makes possible electric 
weed killing and other direct uses of 
electricity in agriculture. But of greater 
significance, it foreshadows the re- 
design of some of the farm machinery 
for multi-motoring to eliminate many 
mechanical drives and linkages. Ad- 
vantages will be greater flexibility of 
operation and thereby more produc- 
tion, and less maintenance. 
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...uand more 
efficient, too! 
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A completely li 


new . 
ne of motors! 


more power-packed . . . higher in efficiency . . . lighter in weight . . . 
smaller...better protected... quieter running... more efficiently cooled 
...more flexible . . . easier to install . . . modern in appearance 


... and maintenance-free! 


COMPARE this new polyphase, dripproof LELAND 
“Loadstar” motor point by point, feature by feature 
—the way we do at the factory—with all leading makes 
of motors! See if you, too, don't find it even further 
ahead of competition than previous LELAND motors, 
prior to rerating! 

Users of LELAND motors have been enjoying out- 
standing performance, extra capacity and greater 
durability for a long time . . . perhaps unaware that 
these characteristics were often due to LELAND’s ad- 


vance use of improved electrical steels and high- 
dielectric insulating materials, which have made pos- 
sible the new NEMA ratings! 

This completely new line of “Loadstar” motors 
carries over, with added refinements, many time- 
proved LELAND features. Others, entirely new, reflect 
LELAND'S unique experience and creative engineering. 
Some of these are shown below. For the complete 
story and frame dimension details, write for Bulletin 
No. 103. 


End shields have openings only in lower 70* 

. can be rotated for dripproof mounting on 
wall or ceiling. Drip cover provides for vertical 
dripproof mounting. 


Leland's denser, high-dielectric slot and phase 
insulation takes less room, permits more cop- 
per in each slot, increases efficiency and aids 
heat transfer. 


Cooling: (by convection) dual fans draw air 
in both ends, discharge through center vents; 
(by conduction) through partial stator-core-to- 
outer-shell contact, shown in cut at right. 


Closed rotor slots and preloaded ball bearings 


New motors take up to 40% less space; save as 
eliminate whir and rattle heard in many motors. 


Rigid cast iron center and end frames (painted 
much as 33% in shipping weight. 


gray) assure accurate rotor alignment. 


Another Product 


LELAND 


MOTORS 


LELAND motors in previous NEMA 
standard frames will continue to 
be available for replacement 
and the convenience of present 
customers. 


New “Loadstar” polyphase, dripproof 
motors in 1, 142 and 2 HP (180 
frames) now ready. Totally enclosed 
and explosion-proof frames — also 
higher horsepower and single phase 
motors — available soon. 


O HI O Division of American Machine & Foundry Company 


THE LELAND ELECTRIC COMPANY, DAYTON I, 
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DECIDED ADVANTAGE 


DECIDE ON 


ARROW-HART 
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MOTOR CONTROLS 


SMALLER and LIGHTER BY FAR 


. . than any others on the market, Arrow-Hart Controls save 
valuable space and weight, help you build greater productive 
capacity into smaller machines. 


EASIER TO INSTALL, MAINTAIN 


. compact size leaves plenty of space for easy connections. 
Straight-Thru Wiring eliminates looping and U-bending, makes 
installation fast and simple. 


SUPERIOR PERFORMANCE, DEPENDABILITY 


..» the revolutionary Arrow-Hart "Right Angle" Design Mech- 
anism operates through a bellcrank lever linkage, easily out- 
performs bulky, old-fashioned direct-acting types. 


A COMPLETE LINE 


OF MOTOR CONTROLS . . . including Magnetic and 
Manual Starters, Reversing and Two-Speed Starters, Magnetic 
Contactors, Combination Starters, Relays, Disconnect Switches, 
Push-Pull Selector Switches, Push Button Stations, Pilot Devices, 
Variable Speed Drives and Controls for Special Industries. 


OF WIRING DEVICES . . . 2., 3- and 4-Wire Receptacles, 
Caps and Connectors; Hart-Lock Interlocking Devices; Switches; 
and dozens of Special Devices for every Industrial and Com- 
mercial Application. 


WRITE NOW FOR COMPLETE INFORMATION 


Fully descriptive literature . . . including ratings, dimensions ond 
engineering data is yours for the asking. 


ARROW. 


DIVISION 


THE ARROW-HART & HEGEMAN ELECTRIC CO. 


103 


Hawthorn Street, Hartford 6, Connecticut 


HART 












"ms 


—⸗ 


TYPE 701 ELECTRONIC DATA PROCESSING MACHINES 
manufactured by 


INTERNATIONAL BUSINESS MACHINES CORPORATION 
. . « designed primarily for the use of engineers and scientists, are 
capable of more than 2000 multiplications and divisions per second. 
The 10 Arrow-Hart Starters included in this very complex power 
distribution unit were a natural choice to save valuable space. Other 
A-H Controls are also utilized in other parts of the machines. 


POT AND PAN WASHER 
manufactured by 

THE ALVEY-FERGUSON COMPANY . . . features small size, 
large capacity and electronic timer control of the wash-drain-rinse 
cycle. The compact panel houses 6 Arrow-Hart Magnetic Controls plus 
an A-H "PPS" (Push-Pull Selector) Switch. This latter makes possible 
safer, handier, single point control for all functions. Convenient set- 
ting to allow the correct timing of the wash cycle for various types of 
work is provided. 








MOTOR CONTROLS .. 





UNIRAIL UPTWISTER 
manufactured by 
UNIVERSAL WINDING COMPANY . . . is a modern, high- 


capacity machine for spinning or twisting cotton yarn. Two compact 
A-H Size 2 Starters (plus a circuit breaker) housed in an unusually 
small panel make extra space available in the machine for other 
components. Ample room is left in the panel for easy wiring and 
maintenance 


MODEL 102 AIRFOIL MILLING MACHINE 
manufactured by 

THE NEW ENGLAND MACHINE and TOOL COMPANY... 
mills the original, 3-dimensional masters from which turbo jet blades 
are manufactured . . does in hours a job once requiring weeks of 
hand work Complexity of the machine placed a high premium on 
space, but the 5 smaller, lighter A-H Controls were easily accom 
modated on an unusually compact door-back panel that swings out for 
instant accessibility. 


"NITE-GANG" SAND CONDITIONER 
manufactured by 
BEARDSLEY & PIPER . . . is a complete, self-propelled, sand prep- 


aration unit with a capacity of 50 tons per hour. Forward and reverse 
travel speeds and loading speed are variable. All 10 Arrow-Hart 
Controls are housed in a very compact, gasketed panel; vertical oper- 
ating position of the A-H contacts provides valuable added protection 
against the accumulation of dust and other breakdown materials. 


HEATING REGULATORS (for the FRESHMAN DORMITORY, 
TRINITY COLLEGE, HARTFORD, CONN.) 
manufactured by 


MINNEAPOLIS-HONEYWELL REGULATORS CO. . . . Together 
with Minneapolis-Honeywell Regulators, 12 compact A-H Starting 
Switches control this complete circulating, ventilating and heating 
system. These Starters are part of the full line of A-H Controls designed 
and manufactured specifically for the Heating, Ventilating and Air 
Conditioning Industry. 


WIRING DEVICES... ENCLOSED SWITCHES... APPLIANCE SWITCHES 


















































































































Group 7: Rugged reducer for driving heavy 
y. Ample reserve for overloads. 
Height, 774”. Eight different windings. 


loads continuo 






FRACTIONAL HORSEPOWER MOTORS 


TYPE N MOTOR 


Available in three 
basic sizes. Smallest 
motor is 334” in diam- 
eter, largest is 5,5". AJ. 
most any type of wind- 
ing. Standard ratings 
from 1/150 to 1/6 hp at 
1725 rpm. Used on such 
devices as blowers, 
pumps, coin - handling 
equipment, communica- 
tion equipment, thera- 
peutic devices, sound-re- 
cording and reproducing 
equipment, and machine 
tools. 


TYPE VCF-12 
MOTOR 


Normally supplied 
with series windings hav- 
ing variable-speed char- 
acteristics and nominal 
speed of 5000 rpm. 
Compact (2!4" high), 
generous power, light- 
weight, small enclosure. 
Operates such devices as 
adding machines, calcu- 
lating machines, check 
protectors and motion- 
picture projectors. Avail- 
able only on quantity 
orders. 
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With 
Speed Reducer 


Without 
Speed Reducer 


REDUCER 


Group 4: Double 
worm-gear re- 
ducer for trans- 
mitting high 
torques at low 

. Height, 
674". 


BUFFALO 3, N. Y. 
735 Ellicott Square—S. E. Shea 


CAMBRIDGE 39, MASS. : 


686 Massachusetts Ave.—W. A. Black 


CLEVELAND 3, OHIO 
4500 Euclid Ave.—W. R. Uffelman 


TYPE K MOTOR 


Without speed  re- 
ducer: Normal 60-cycle 
output ranges from 
1/2000 hp to 1/500 hp 
on continuous duty. 
With speed reducer: 
Drive-shaft speeds rang- 
ing from 300 rpm to 1 
rpm and with torque 
ratings of 1.3 in. oz to 
110 in. oz, respectively. 
The Type K motor 
(which is 234” high) is 
especially adapted to use 
on instruments and tim- 
ing devices. 


TYPE K-4 
MOTOR 


Ratings 1/60 to 1/20 
hp. Speeds 1725 or 
3450 rpm. Height and 
width of 27$". Capaci- 
tor or split phase con- 
struction. Constant 
speed, quiet operation, 
no radio interference, 
light weight and 5 
mounting arrangements 
make it ideal for office 
machines, movie projec- 
tors, automatic phono- 
graphs, etc. Available 
only on quantity orders. 


MOTORS 


Group 3: Single-reduction, worm- 
gear reducer, designed for transmitting 
moderate torques. Height, 474”. 


DISTRICT 


DALLAS 6, TEXAS 
4515 Prentice St. 
Equipment Compeny 

DETROIT 27, MICHIGAN 
14511 Puritan Ave.—C. D. Miller 

KANSAS CITY 6, MISSOURI 
903 McGee Street—T. Pellmounter 


General Power 


CANADA —Renold-Coventry, Ltd.—Montreal 
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AGENTS 
LOS ANGELES 13, CALIF. 
406 So. Main Street—H. M. Hall 


MINNEAPOLIS 4, MINNESOTA 
338 East Franklin Ave. 


NEW YORK 36, N. Y. 
55 West 42nd Street 


Head Office 


H. C. Mayorga 


A. C. Jacobson 


ENGINEERED FOR YOUR PRODUCT 


Ñ 


TYPE U MOTOR 


Available in 1/20 and 
1/15 hp, at 1725 rpm, 
and 1/30 hp, at 1125 
rpm. Diameter 434". 
Split-phase construction. 
Resilient mounting for 
quiet operation. Thermal 
overload protection. For 
use in office machines, 
automatic phonographs, 
circulating pumps, air- 
conditioning equipment. 
Available only in stand- 
ard construction and on 
quantity orders. Attrac- 
tively priced. Rapid de- 
livery on all orders. 


SERIES WOUND 
MOTOR PARTS 
SET includes: Field 


core and coil assembly, 
armature, brushes and 
associated parts, and 
fan. SIZE: Diameters to 
3%”. Wound to order 
for all fractiona! horse- 
power ratings. APPLI. 
CATION: Portable 
power tools and appli- 
ances. Available only 
on quantity orders. 


Group 2: Designed to deliver 
moderate torques. Height, 434”. 


Group 1: Designed to transmit 
low torques. Height, 354”. 


ROCHESTER 14, N. Y. 
Reynolds Arcade Bldg.—A. F. Zisslor 


SAN FRANCISCO 3, CALIF. 
995 Market Street—J. F. Cady 


SYRACUSE 2, N. Y. 


218 W. Harrison St.—H. H. Cardozo 
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Install Chrysler Industrial Engines | 


. >» e BEST-ENGINEERED, MOST-ECONOMICAL ANSWER 
TO YOUR POWER PROBLEM 


Chrysler Power is the dependable, economical, lightweight 
answer to your high-speed or high-torque power requirements. 
Within their power ranges, each Chrysler Industrial Engine is 
a leader in the field and is recognized as such by manufacturers 
of almost every type of self-powered equipment. 


Check these specifications and performance data. Note the 
optional equipment which can be factory supplied or installed 
to meet the particular requirements of your equipment in the 
field. Whether equipped for Gas, Propane or Natural Gas 
operation, Chrysler Industrial Engines offer definite ad- 

































. . . performance, ease of maintenance, fast parts 
Chrysler Industrial Model 33 v m a » à - r I 
Engine, 265 Cubic Inches service, low initial and operating costs. | 
Displacement 


(Front End Geor Drive) See the dealer nearest you, or write for complete information. 


Dept. 2311, Industrial Engine Division, Chrysler Corporation, Trenton, Mich. 
CHRYSLER Industrial Engines 


HORSEPOWER “SMe with A PEDIGREE 
hs 


Chrysler Open 
Power Units. The 
open power units 
for all engines in- 
clude the complete 
engine, skid base, 
radiator, instru- 
ments ond instru- 
ment panel, flywheel 
and flywheel hous- 
ing. Open power 
units for V-8 Models 
Ind. 18, 19 and 24 
(pictured), include 
twenty-five. gallon 
fuel tank, E 
Chrysler Enclosed Power Units. The 
enclosed power units have the complete 
engine, fuel tank, (Models Ind. 30, 31, 
32 and 33— sixteen gallon. Models Ind. 
18, 19 and 24— twenty-five gallon), 
storage battery, instruments ond 
instrument panel, flywheel, flywheel 
housing, skid bose and completely 
enclosing sheet metal 





Chrysier Industrial Model 24 
V8 Engine, 331 Cubic Inches 
Displacement 

(Front End Chain Drive) 
















No. of Cylinders 



















Type of Engine—4 Cycle 





Bore— Inches 














Optional Equipment — Chrysler Engines 















Stroke — Inches 





Chrysler Torque Converter 






Displacement —Cu. In. Chrysler gyrol Fluid Coupling 











Compression Ratio Three, Four or Five-Speed Transmission 










Valves — Arrangement Twelve or Twenty-four Volt Electrical 
System 


Pistons — No. Rings Propane or Natural Gas Burning 


Carburetor 















Crankshaft — Bearings 





Over-Center Clutch and Power Take- 
Offs 


Vertical or Horizontal Magnetos 






Camshaft Drive 





















Camshaft — Bearings 





Flexible Coupling for Truck-Type 


Crankshaft — Bearing Diameter FI 
ywheel 











Lubrication— Type Radio Shielding and Ignitors 


Heavy-Duty Oil Bath Air Cleaners 


Safety Switches (Low Oil Pressure, High 
Water Temperature) 
















Lubrication — Type Oil Pump 












Lubrication — Oil Capacity Qts. 








Ignition — Battery Type Corrosion or Fungus Resistant Electrical 


System 














Spark Plug— Size 
Starting — Elec. Type 








Gen. Reg. —Full Voltage 












Gen. Reg.—Full Voltage 
and Current Control 










Carburetor — Type 


Down-Draft | Down-Draft 
— ee 


Down-Draft | Down-Draft 


Specifications subject to 
chonge without notice. 
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PERFORMANCE DATA. CHRYSLER 6 IN- LINE ENGINES 


CHRYSLER 
IND. 30 


(Front End Chain Drive) 


Jf. !nd. 30 Engine powering 
a Mobile Cement Mixer 


CHRYSLER 
IND. 31 


(Front End Gear Drive) 


Industrial Lift Truck 
powered with Chrysler 
Ind. 31 Engine 


CHRYSLER 
IND. 32 


(Front End Chain Drive) 


Farm Combine powered 
with Ind. 32 Engine 


CHRYSLER 
IND. 33 


(Front End Gear Drive) 


Ind. 33 Engine powers 
a Crane 


PERFORMANCE 


CHRYSLER 
IND. 18 


(Front End Choin Drive) 


Portable Orchard Sprayer 
powered with Ind. 18 
Engine 


CHRYSLER 
IND. 19 


(Front End Chain Drive) 


Ind. 19 Engine powers 
Portable Welder 


CHRYSLER 
IND. 24 


(Front End Chain Drive) 


Quad Power Unit powered 
with four Ind. 24 Engines 


DATA 


Industrial 30 Base Engine 


RPM 

Dyna. BHP 
Cont. BHP 
Dyna. Torque 
Cont. Torque 
Spec. Fuel 


Industrial 31 Base Engine 


RPM 

Dyna. BHP 
Cont. BHP 
Dyna. Torque 
Cont. Torque 
Spec. Fuel 


Industrial 32 Base Engine 


RPM 

Dyna. BHP 
Cont. BHP 
Dyna Torque 
Cont. Torque 
Spec. Fuel 


Industrial 33 Base Engine 


RPM 1200 
Dyna. BHP 51 
Cont. BHP 41 
Dyna. Torque 225 
Cont. Torque 182 
Spec. Fuel .541 


Industrial 18 Base Engine 


RPM 1200 |1600 1800 
Dyno. BHP 48 66 76 
Cont. BHP 39 54 61 
Dyna. Torque 213 220 
Cont. Torque 172 178 
Spec. Fuel .542 . .524 


Industria! 19 Base Engine 


RPM 

Dyna. BHP 
Cont. BHP 
Dyna. Torque 
Cont. Torque 
Spec. Fuel 


RPM 1200 
Dyna. BHP 67 
Cont. BHP 54 
Dyna Torque 293 
Cont. Torque 238 
Spec. Fuel .545 


CHRYSLER 


Width 20⁄4” 
Length 3275" 


Width 20'4” 
Length 32%.” 


Width 2054" 
Length 3424" 


Width 2054" 
Length 344" 


Height 32" 


Weight 575 ibs. (approx.) 


2800 
90 
73 


3200 3600 
96 99 


158 
600 


Height 32° 


Weight 610 Ibs. (approx.) 





2800 


3200 
96 


3600 


158 


.600 


Height 327%" 


Weight 740 Ibs. (approx.) 


2800 
109 
88 
205 


3200 3600 
117 120 


192 175 


592 i 623 


Height 3224" 


Weight 760 Ibs. (approx.) 


V-8 ENGINES 


Width 2954," 
Length 32754" 


Width 27" 
Length 32” 


Width 28'%." 
Length 33%" 


Height 34%" 


Weight 591 Ibs. (approx.) 


Height 29” 


Weight 629 Ibs. (approx.) 


3000 


137 
111 
241 
195 


.493 


3200 3600 400 
143 152 15 


0 
7 


235 222 20 


497 503 


Height 35'" 


Weight 855 Ibs. (approx.) 


3600 400 
178 18 


+ 
, 


o 
3 


ENGINE DIVISION 
CORPORATION 


INDUSTRIAL 
CHRYSLER 


CHRYSLER INDUSTRIAL ENGINES 





Only FORD 


FORD “134” 


4-Cyl. Na. c NEN A a FORD “172” 
Engine Assembly i i ' L L. 4-Cyl. 


134 cu. in. | i 4 . , Engine Assembly 
displacement f F ^ 172 cv. in. 


displacement 


At 

Í w 
s g id 
s MIA NIL N ToU 
qb dy soe. 
NM 


FORD “223” 
6-Cyl. Engine Assembly 
223 cv. in. displacement 4 I — 

m—, A 


D m 


$ ; ' y= FORD “256” 
FORD “239” | ^h V >. V-8 Cyl. Engine Assembly 
V-8 Cyl. Engine Assembly - Ne f 256 cv. in. displacement 
239 cu. in. displacement * * 


FORD “317” 
\ V-8 Cyl. Engine Assembly 
317 cu. in. displacement 


INDUSTRIAL ENGINES 


AND POWER UNITS 


YOUR JOB IS WELL-POWERED 
Ford's Low-Cost — 


“MULTA-TORQUE” CONVERTER WHEN IT’S FORD-POWERED FORD “134” and “172” 
available with all engines and power units Open Type Power Unit 
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now offers 


a complete line of ultra-modern 
high-compression, low-friction 


“purr INDUSTRIAL ENGINES 
AT LOW FORD PRICES! 


Every engine pictured on the page at left is of 
this ultra-modern type. Designed with large 
cylinder bores and short strokes for low piston 
speeds, these industrial models are far superior 
to other engines of the long stroke design. 


Tests have conclusively proven that, in their 
respective displacements, Ford’s low-friction 
engines deliver more usable power on /ess fuel. 
Also, short piston travel reduces wear so that 
engines last longer. And remember, parts and 
service are available through Ford Dealers 
everywhere. 


Individual folders have been prepared for 
each series, including outstanding features, 
power curves, dimensional drawings, com- 
plete specifications, standard equipment 
and accessories available for special needs. 
Your request will bring them promptly. 


FORD “134” and “172” 
Closed Type Power Unit 
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FORD “223” 
Closed Type Power Unit 


If you are planning to modernize your current 
products, get in touch with us today. Ford 
Sales Engineers are always glad to discuss your 
particular power problems and extend every 
possible help in solving them. Simply phone or 
write to 


INDUSTRIAL ENGINE DEPARTMENT 


FORD MOTOR COMPANY 


15050 Woodward Avenue, Highland Park 3, Michigan 


FORD «239"* "4296" "37" 
Closed Type Power Unit 





, HAYDON 


AT TORRINGTON 






INJECTS IMPROVED PERFORMANCE 


TIMING INTO Yo oduct 


HAYDON TIMING MOTORS 


BASIC, STANDARD DUTY LIGHT DUTY, SLOW SPEED 


The 1600 Series is the basic motor The 4400 Series offers very slow 




























of the HAYDON line. This motor output shaft speeds from ó hours to 
offers dependoble performance, 1 week for all normal duties. This 

small size, total enclosure, opera- motor is unique in providing the Í 
tion in any position, controlled speed range available in such small 






lubrication, simple assembly and a space, with totally enclosed gear- | 
wide range of standard speeds ing, at comparatively low cost. 
from 60 to 1/60 rpm. Can be sup- Affords many possibilities for eco- 
plied to military specifications. nomical design without resort to 
the bulk and expense of external 

reduction gearing. 


bene 4400 













D-C, REVERSIBLE 
The HAYDON 9200 Series D.C. 
mofor for timing applications is 
designed for operation from ó to 
30 volts. It can be supplied uncali- 
brated for use with external resist- 
ance or calibrated with resistance 
type leads. 


D-C, RF FILTER 
The 9250F Series D.C. motor pro- 
vides the more uniform torque and 
speed characteristics of a unit 
wound for 28 volts, and has an RF 
Interference filter. The current and 
power drain is lower and no cali- 
bration is required. 9250F 

































HEAVY DUTY, SLOW SPEED 
The 3100 Series motor consists of 
the basic HAYDON motor ond a 
heavy-duty gear train in a round 
housing. Designed for applications 
requiring higher torque at slow 
shaft speeds, this unit is particu- 
larly suitable for chart drive vse in 
recording and control instruments. 
Standard speeds from 1 hour to 14 
days per revolution. 

































400 CYCLE 









HYSTERESIS- TYPE i ALL HAYDON TIMING 
The 6700 Series 400 cycle timing 

motor is an hysteresis type syn- MOTORS 

chronous timing motor, essentially are totally enclosed and can be 
two phase. It is furnished with operated in any position. Write 







capacitor for self starting operation 
on single phase. Variations in tem- 
perature, voltage and heat do not 
affect timing, which is as accurate 

as the frequency control. 


for free “Haydon Electric Timing 
Motors” catalog. 















HAYDON CLOCK MOVEMENTS 





ROUND MOVEMENT RECTANGULAR 
Compact round movement only 3° MOVEMENT 
in diameter for use where space is Features completely enclosed con- 


at a premium, as in certain novelty, struction and easy installation. Back 
household and advertising clocks. or bottom set, earlug or center 


mounting, choice of various arbor 
groups and sizes. 














1802 














“HAYDON ELECTRIC CLOCK MOVEMENTS” CATALOG 





WRITE FOR FREE 
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-- Your product's performance depends on the performance of all 


its component parts. 

When product specifications call for TIMING MOTORS — TIMING DEVICES — or CLOCK MOVEMENTS 

build in extra dependability by specifying HAYDON precision timing instruments. 

Both HAYDON standard and custom-designed units are properly engineered and buyer-approved for accuracy and dependability 
adaptability to any operating position . . . correct- 


. long-life coupled with minimum maintenance . 
ness of design vital to reducing installation costs . . . plus, meticulous mass-production methods, when volume is required, 


offering even greater savings. 
The Haydon Manufacturing Company specializes in the design and mass production of custom-engineered timers for volume appli- 


of operation 
cation. HAYDON Timers for clothes driers, milk pasteurizers, dishwashers, and defrosters illustrate a few examples of HAYDON 


400 CYCLE ELAPSED TIME 
INDICATOR 

The 7008 Series Elapsed Time Indi 
cator is designed specifically for 
400 cycle operation in airborne 
equipment. Barrel diameter is 
1.525", length 2-45/64", weight 6 
oz. Power consumption is less than 


3 watts and it indicates in units of 
tens of hours up to 10,000 and 


repeats, 


HERMETICALLY-SEALED 
TIME DELAY RELAYS 

The 5103 Series Time Delay Relay 
is an hermetically sealed timer for 
military applications. It can be sup- 
plied for 60 or 400 cycle A.C., or 
D.C. The use of a relay coil for 
switching operation imposes a min- 
imum load on the motor which is 
assigned fo its true function as a 


time standard. 


FIXED INTERVAL REPEAT 
CYCLE TIMERS 


The 5800 Series Timers offer 
extreme flexibility and adaptabil- 
ity for timing problems requiring 
continuous repeat cycling, or sin- 
gle cycle operation to be initiated 
by an external circuit. These 


HAYDON timers are built up by 
various combinations of motors with 


adjustable, blank or specially 
designed cams operating a series of 
precision snap switches. 


INDICATORS 
The 5700 Series Elapsed Time Indi- 


cators provide simple, compact and 
accurate metering of elapsed time 7 
for 60 cycle operation. They are 
designed for use as inexpensive 
components for equipment requir- 
ing register of total operating or 
job time, or with existing machinery 


cusiom-engineered d mass-produced units. 
HAYDON TIMING DEVICES 
60 CYCLE ELAPSED TIME 


ond devices. 


RESETTABLE TIME 
DELAY RELAYS 

The 5900 Series Time Delay Relays 
provide time delay or interval tim- 
ing in various ranges up to 10 min- | 
utes for such applications as the 
protection of power tubes, or tim- 
ing portions of a complete cycle of 


operation. 


HEAVY-DUTY 
INTERVAL TIMER 

The 8006 Series is a rugged, heavy- 
duty interval timer for general 
commercial, industrial and appli- 
ance applications. Construction is 
the simplest possible, for low cost 
and long life, consisting basically 
of a standard HAYDON synchron- 
ous motor driving through external 
reduction gearing a notched cam 
to operate a heavy switch, with a 
friction to permit setting. 


Write for Free “Haydon Electric Timing Devices” Catalog 


Vi P 
Z 


AT TORRINGTON 
HEADQUARTERS FOR 


TIMING 


There is a factory-trained HAYDON Field Engineer in your area 
—a timing specialist with the answers to your timing questions. 


Write us today for his name and location 


HAYDON Manufacturing Co., Inc. 


Subsidiary of General Time Corp 
300 ELM STREET, TORRINGTON, CONN 


*Trademark Reg. U.S 
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N OF TIM ADERS 


Minimum friction 
on rofor bearings 


Shading coil 


For automatic devices, instruments, control 
equipment—wherever time is a factor in product 
performance—Telechron Synchronous Timing 
Motors are your best assurance of dependability. 


Telechron motors are CONTINUOUSLY ACCURATE 
... because they’re true synchronous motors with 
one rotation for every cycle of the alternating cur- 
rent source. Lightweight rotors enable virtually 
INSTANT SELF-STARTING . . . reach full speed in 
approximately 3 cycles. All gears and bearings 
are PERMANENTLY LUBRICATED . . . by a generous 


6 
2 


1 rev. in any of following periods: 
Minutes—5, 15, 30, 60 

Hours—1, 2, 3, 4, 6, 8, 12, 24 
Days—1, 2, 3, 7, 14, 30 


rotation available in some models. 


Has special backlash eliminators. 





SPECIFICATIONS 


3-3/8 x 3-17/32 x 2-27/32 22 
3-: - * 32 


1 3-3/8 x 3-3/4 x 3-3/4 


* Standard direction of rotation facing terminal shaft end—clockwise, except for IM-9 which is counter-clockwise. Reversible 


* * |ntermittent maximum peak torque 104 dependent on duty cycle 
* * * Type IM-9 provides a totally enclosed circular gear train. Adaptable to most instrumentation and especially for chart drives. 
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HIP 











Hobbed gears 


Continuous 
lubrication 


Controlled 
lubrication of 
terminal bearing 







Sealed rotor unit 


oil reservoir sealed into the dust-free rotor unit. 

With Telechron motors, you get the benefit of 
dependable Application Engineering Service. En- 
gineering specialists in timing problems study 
your requirements . . . torque, temperature limits, 
running period, etc. . . . recommend the motor 
best suited, and at lowest cost. 

Write for complete catalog and application 
data sheet. Telechron Department, General 
Electric Company, 502 Homer Ave., Ashland, 
Massachusetts. 









Over-all dimensions 
(inches) 












BALTRIC^ MOTORS 


* 
B 


NEW NEMA Re-rated FRAMES 


Now in. Production 


Smaller NEMA frames e more horsepower e less 
weight e streamcooled e totally enclosed e high 
performance e cool operation e simple design 
compact contour e rugged construction e protected 
ball bearings e polyphase and single phase, integra! 
and fractional ratings 


BALTRIC—Single Phase Motors, Capacitor Start, Induction Run, Horizontal 
Enclosed Construction, Solid Mounted, Ball Bearing, 115/230 V., 60 Cyc., 
Continuous Duty, 55? C. Rise, Reversible 


BALTRIC—Three Phase, Squirrel Cage, Induction Motor, Horizontal Enclosed 
Construction, Ball Bearing, Normal Torque Design B, 220/440 V., 60 Cyc., 
Continuous Duty, 55^? C. Rise 


F. L. % F. L. % 
Eff. P. F. 
: 
76 76 
82 


86 87 








BALDOR STREAMCOOLED® MOTORS 
of present NEMA dimensions 
are still available: 


SINGLE PHASE: '4 to 7'à h. p. 


THREE PHASE: '5 to 20 h. p. BETTER MOTORS 


Sold and serviced in more than 350 Trade Centers 


BALDOR ELECTRIC COMPANY © ST.LOUIS, MO. 
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39 Years of Specialization 











































in engineering, designing and manufacturing electric 
motors has earned Howell a position of leadership in this 
field. Highly skilled craftsmen and modern manufac- 
turing techniques combine to supply motors of proved 
reliability. A nationwide organization of well - trained 
sales engineers stands ready to assist you in the solution 
of motor application problems. Howell ingenuity thrives 
on the hard jobs. In our files are more than 19,000 elec- 
trical design specifications made to meet the varied and 
exacting requirements of individual customers . . . each 
Howell Motor is job-engineered. 

Howell Motors are available from % to 500 h.p. in 
a wide variety of mechanical and electrical variations. 








ENCLOSURES Drip-proof (open-type), totally enclosed, MOUNTINGS Horizontal, vertical (shaft up or down), 
weather-protected, explosionproof, sani- NEMA face or flange, special mountings 
tary, splashproof —— AUXILIARIES Disc-type motors, gear motors, brake 

ELECTRICAL Voltages — 24 to 4800; frequencies — 25 motors 

CHARACTERISTICS to 480 cycles; stant (0 to MODIFICATIONS Motors with special shafts, mountings, 
28,809 rpm) or multi-speed (2, 3 or 4 flanges, bases, frequencies, voltages, in- 
speed); reversing — as many as 90 free sulation, performance or applications will 
reversals per minute; insulation—NEMA all be furnished in the same dependable 
Classes A, B, H or Special A; thermal manner as standard motors; couplings, 
protectors available for all motors zero speed switches, brakes and other 


special equipment can be supplied; par- 
tial motors and a complete line of in- 
duction-type frequency converters are 
also available 


Poly phase motors —- normal torque; nor- 
mal torque, low starting current; high 
torque, low starting current; high slip; 
elevator; crane and hoist; torque; con- 


stant torque; variable torque; constant CONSTRUCTION All rotors are of copper or copper alloy 
horsepower; wound rotor; part winding; FEATURES construction and are dynamically bal- 
reluctance synchronous anced at rated speed; complete insulation 
sige * à in each slot cell, between top and bottom 
Single-phase motors - capacitor start, in- coils, and between all phase groups; sta- 
duction run; capacitor | start, elevator; tors are impregnated twice with phenolic 
permanent split capacitor; two value resin base varnish and twice baked 


capacitor; torque 


APPROVALS NEMA, JIC, ASA, AIEE, Underwriters’ 
COOLING Nonventilated, fan-cooled, auxiliary- Laboratories, CSA, 3A, Federal, U.S. 
cooled Navy, Marine 
Atlanta, J. L. Underwood Co., Inc. Detroit, Howell Electric Motors Co. Richmond, Va., Herbert J. Baer 
Battle Creek, Howell Electric Motors Co. Grand Rapids, Howell Electric Motors Co. Rochester, N. Y., A. F. Zissler 
Birmingham, Birmingham Industrial Houston, Wm. E. Brice Co. Rockford, Ill., Howell Electric Motors Co. 
Machinery Co. Indianapolis, Glenn E. Bound Saginaw, J. George Fischer & Sons, Inc. 
Buffalo, A. F. Zissler Kansas City, Mo., W. C. Carolan Co. St. Louis, Bates Sales Co. 
Cedar Rapids, Globe Machinery & Supply Co. Los Angeles, Robert A. Young & Co. Salt Lake City, Campbell-Elsey & Co. 
Charlotte, Piedmont Engineering Corp. Louisville, Wilhelm & Schnur Electric Co. San Francisco, Monarch Supply Co. 
Chattanooga, Dixie Industrial Service Co. Memphis, Equipment Sales Co. Santa Clara, Calif., Monarch Supply Co. 
» Chicago, Howell Electric Motors Co. Milwaukee, Holt Electric Motor Co. Syracuse, A. F. Zissler 
Cincinnati, Howell Electric Motors Co. Minneapolis, Alton M. Johnson Co. Toledo, H. M. Hoot 
Cleveland, Howell Electric Motors Co. New Orleans, Wm. S. Huey Utica, Robert H. Schaub Co. 
Davenport, Globe Machinery & Supply Co. New York, C. H. Ribble Co. Washington, D. C., Irving M. Day Co. 
Denver, Hathaway-McCartney Engineering — Omaha, Henry W. Miller Electric Co. Wichita, Murdock Electric & Supply Co. 
& Supply Co. Philadelphia, C. C. Lucas, Jr. Worcester, Machinery Electrification, Inc. 
Des Moines, Globe Machinery & Supply Co. Pittsburgh, Edw. J. Boyle Co. York, Pa., Earle L. Moreland 





zy HOWELL MOTORS 


HOWELL ELECTRIC MOTORS COMPANY, HOWELL, MICHIGAN 
Manvfacturers of precision-built motors for industry since 1915 
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1 through 125 H.P. 


All these features at a standard motor price! 


Extra-large ball bearings, sealed to keep 
grease in, dirt out. Need no attention for 
years! 

Insulated coil ends —R & M insulates be- 
tween all coil ends as well as phase groups, 
for 3 to 4 times greater insulating value! 


stay cool and clean; high velocity air-flow 
stops build-up of dust and dirt. 
Full-height, shrouded end heads shield the 
motor against moisture and internal 
damage. 

Protected against rust and corrosion —in- 


"Clean-Sweep" Ventilation —R & M motors side and out. 


R & M manufactures a complete 
line of Totally Enclosed and Explo- 
sion-Proof motors from 1 through 
40 h.p. Direct Current and Single- 
Phase from 1 through 72 h.p. 


Need A Special Motor? 


Building "specials" to the customer's specifica- 
tions is an old story at R & M —electrical and 
mechanical modifications are no problem. C, 
D, and P flanges, shaft modifications, com- 
mercial dynamic and special dynamic balanc- 
ing—all are readily available to your order. 
And to meet your demands for quick delivery 
we maintain a complete stock of mechanical 
parts for motors requiring electrical or mechan- 
ical modifications. 

Engineered motor parts for built-in applica- 
tions are another R & M service available to 
you. Our well-qualified staff of motor-applica 
tion specialists will make prompt recommenda 
tions. Call on them now—there is no obligation 


Are you paying extra for motor features 
that are standard with ReM ? 


Of course you want a top-quality 


motor... good performance of 
any motor-driven product de- 
pends on it. But if you're used to 
thinking of features like extra- 
large ball bearings, extra insula- 
tion and complete rust protec- 
tion as cost-raising motor 
requirements, take an extra look 
at the standard features of R & M 
motors. 

As a user of motors in quantity, 
naturally you will also want to 
know some of the facts about the 
advantage of having Robbins & 


Myers as a source of supply. For 
example, take delivery. Our com- 
plete stock of mechanical parts 
makes quick delivery of motors 
requiring electrical and mechan- 
ical modifications a matter of 
course. 

These facts are important. In 
short, they mean that R & M is 
big enough to serve—through its 


modern testing and production 
facilities and large staff of appli- 
cation engineers — but not too big 
for service. 


If you want the best possible 
motor performance— backed up 
with prompt service and de- 
liveries — write us today for 
complete information. 


OEEIN9 c MYERS, we. 


SPRINGFIELD 99, OHIO * BRANTFORD, ONTARIO 


S Ò FA 


Fractional & Integral h.p Electric 
Motors & Generators Fans 


Electric & Hand Moyno 
Hoists & Cranes Pumps 


Propellair Industrial 
Ventilating Equipment 











SYNCHRON MOTORS 


Are Quickly Adaptable 
To New Product Designs 


Many leading design engineers have found SYNCHRON Timing Motors the 
perfect answer to the problem of powering timing machines, action signs, 
recording thermometers, switches, heating and air conditioning devices . . . 





With Brass or Steel Pinion 


IOT - S4P. 14!/?P.A 
Brass Pinion (.222 O.D.) 
IOT - 48P. 14!/9P.A. 
Brass Pinion (.250 O.D.) 


p .130 


062 x .249 Dia. 







With Standard Shaft 


Shaft lengths 

5/32 - Ye - %e- Ve -% 
X - 1⁄4! 

Standard Length - 3⁄4 


— 10 






.125D 
062 x 249 Dia. 








With Extended Bearing Shaft 


Shafts With Extended 
Bearing 


Wh ee 







- 312 x .249 Dia. 
.001 


H42 


| L- .1250 


timing mechanisms calling for instant 
starting, dependable accuracy, adapta- 
bility and versatility. 


SYNCHRON Timing Motors pull up 
to 8 oz. direct load at 1 RPM and op- 
erate efficiently at temperatures from 
—40? to 4-140? F. 


Small in Size — Sturdily Built 
Rigidly Inspected 

Power-packed SYNCHRON Timing 
Motors are small enough to fit in ex- 
tremely close places, but sturdily built 
for long life and dependability. Each 
SYNCHRON motor must pass 51 
separate inspections and a grueling 
final test under power before ship- 
ment. 


HIGH TORQUE TIMING MOTOR 


— with guaranteed 20 in. oz. torque 


available in same dimensions as shown 


below. (110 V. 60 Cy.) 









RPM ...m 


Approved 
applications 


Assn, 
















ambient: 38 
60 Cycle 
RPM 
0.8 36 
1 40 
2 48 
3 50 
4 60 
5 72 
6 75 
8 90 
10 100 
12 120 
15 150 
18 180 
20 200 
24 240 
25 300 
30 360 
VOLTAGE: 


Clockwise (R) 





QUICK FACTS 
ABOUT SYNCHRON MOTORS 
Guaranteed to pull 8 in. oz. at 1 


position... 
tinuously without injury to motor. 


ratories and Canadian 























ay be mounted in any 
may be stalled con- 


for 110 V. and 220 V. 
by Underwriters’ Labo- 
Standards 


Watts input, 3. Temp. rise above 


F. 
Speeds 
50 Cycle 25 Cycle 
RPM RPM 
] 75 1 
2 100 
3 150 
4 200 
5 300 
6 
8 
10 
12 
15 
20 
25 
30 
40 
50 
60 
18V.-24V-110V.-220V. 
ROTATION 


je—— 1.350 ——e9| MOTOR WITH GEAR REDUCTION UNIT 





Pinion or Shoft Drive 


- 3 







coo 
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PRODUCT OF HANSEN MANUFACTURING CO., INC., PRINCETON, IND. 












Or Counter Clockwise (L) 


.|25R. 
Typical 


4 Mounting Holes 
.116 Diameter 


FOR 


DEPENDABLE 


SERVICE... 


à 


USE 


DELCO 


AVE 
UCT CAN H 

ST RUNNING MATE YOUR PROD 

THE BE 





— 


]The aluminum rotor conduc- 
|... Jfors, end rings and fan blades 
are uniflow pressure cast. Maxi- 
mum electrical efficiency and quiet 
operation are assured by design, 
critical selection of material, and 
careful dynamic balance. 


[> |The exclusive Delco Thermo- 
L^ jfron automatically provides 
complete and positive motor pro- 
tection against damage from stall- 
ing, continued overload and faulty 
power supply. 


J Oversize sleeve beqrings— 
steel backed tin babbitt bear- 


ings are diamond bored after as- 
sembly in the end frames for accu- 
racy in alignment. 


mI 

































































"3 Delco motor windings are 
varnish-dipped and baked to 
provide adequate insulation. 


Resilient rings of special oil- 
De material are double 
bonded to the mounting rings for 
long life and ultra-quiet motor 
operation. 


Large oil reservoirs, cast integ- 
ó rally with the end-frames to 


prevent leakage, are fitted with oil 
wicks in positive contact with the 
shaft to insure adequate lubrication. 


Delco's exclusively designed 

centrifugal starting switch is 
simplified with a minimum of work- 
ing parts. Positive snap-action 
eliminates fluttering. 


DAYTON OHIO 








fractional hp S/NGLE 












BLOWER MOTORS—Designed espe- 
cially for belt driven blowers and fans 
as used in heating, air conditioning and 
filtering systems. Electrically designed 
for efficient ultra quiet service. Resilient 
mounting rings, double bonded, and 
designed to provide maximum vibration 
and torsional damping. Rugged cast 
iron end frames with integrally cast oil 
wells, oversize bearings and sturdy 
steel frame for long life. Exclusive Delco 
automatic reset Thermotron (Under- 
writers’ Laboratory approved) for pro- 
tection against overload and stalled 
conditions. Delco blower motors con- 
form to NEMA standards, available in 
single- and two-speed designs. Split- 
phase ratings from % hp through Y3 
hp. Capacitor-start ratings from Ys hp 
through % hp. 











REPULSION-START, INDUCTION-RUN FRAC- 
TIONAL HP MOTORS—Available in V5 hp 
and % hp ratings. These motors combine the 
advantages of high starting torque and low 
starting current. Large oversized sleeve bear- 
ing with extra large oil reservoir cast as 
integral part of end frame. Wool encased 
feeder wick system provides adequate circula- 
tion of oil. Heavy rigid steel base. Adequate 
sized commutator for dependable service and 
long life. Delco design Thermotron available. 
Delco repulsion-induction motors meet NEMA 
standard performance and mounting dimensions. 
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JET PUMP MOTORS—Designed for 
centrifugal pump applications such as, 
domestic and direct 
connected pumps. Capacitor mounted 


water systems 
internally lends an attractive stream- 
lined appearance to pump designs. Ball 
bearings lubricated. Double 
sealed bearings on shaft end with large 


grease 


grease cavity for bearing protection. 
Thrust spring holds rotor in position, to 
maintain Drilled 
and tapped hole in end frame permits 
mounting of drip cover of individual 


impeller clearance. 


customer design. Rugged electrical and 
mechanical design integrated to assure 
long life and quiet operation. Motors 


OIL BURNER MOTORS—Engineered and 
built for dependable efficient service, 
totally enclosed for maximum safety. 
Not affected by extremes of dirt and 
moisture. Functional design provides an 
attractive assembly. Electrically designed 
for efficient ultra quiet operation. Over- 
size bearings, end frames with integrally 
cast oil wells and sturdy steel frame 
for long life. Rotor precision balanced. 
Exclusive Delco manual reset Thermotron 
(Underwriters' Laboratory approved for 
oil burner applications) for maximum 
safety. Delco oil burner motors conform 
to NEMA standard performance and 
mounting dimensions. Available in split- 
phase design in % and 4 hp ratings. 


motors b. . for general and definite uses 


CELLAR DRAINER MOTORS— Designed 
for vertical operation on domestic 
cellar drainer applications. Cast iron 
drip proof end frame on top end of 
motor designed to allow adequate 
motor ventilation and provide protec- 
tion against foreign particles. Pleasing 
streamlined appearance. Sturdy flange 
mounting bracket cast as integral part 
of end frame permits mounting of motor 
to supporting pipe. Double-sealed ball 
bearings used at both top and bottom. 
Shaft coupling assembled on shaft at 
factory for positive alignment between 
motor and pump shaft. Available for 


the conventional float and rod type 
control method or for the non-guided 
fioating ball method. cellar 
drainer conform to NEMA 
standard performance and mounting 
dimensions available in Y3 hp 
phase rating. 


are protected with (Underwriters' Labo- 
ratory approved) Delco automatic reset 
Thermotron. Delco jet pump motors con- Delco 
form to NEMA standard performance 
and mounting dimensions. Available in 


ratings of V4 hp through 1 hp. 


motors 


split- 


SPLIT-PHASE MOTORS—Ratings from % hp through % hp. Split- 
phase, induction-run motors for use where starting torque requirements 
are low. (Not appreciably greater than full load running torque.) 
Applications such as small power tools, office machinery, meat slicers, 
grinders, etc. Available with Delco's exclusive Thermotron, either auto- 
matic or manual reset type. Choice of either rigid or resilient mounting 
base. Delco general purpose split-phase motors conform to NEMA 
standard performance and mounting dimensions. 


CAPACITOR-START, INDUCTION-RUN MOTORS— Available in ratings 
from Y% hp through % hp. High starting torque characteristics with 
relatively low starting current and good accelerating torque combine 
to make a desirable motor for general purpose applications. For use 
on rotary and reciprocating pumps, refrigeration and air conditioning 
compressors and general farm and home labor-saving devices. Job 
fitted capacitor designed as an integral unit to provide best starting 
efficiency. Inherent characteristics assure a minimum of noise and 
freedom from radio interference. Available with Delco exclusive 
Thermotron, either automatic or manual reset type. Choice of either 
rigid or resilient mounting base. Delco capacitor-start motors conform 
to NEMA standard performance and mounting dimensions. 








































DELCO 


MASS PRODUCER OF 
QUALITY MOTORS 





TO ow - 3 
More than forty years of design and — — — — 
manufacturing experience is incorpo- a ia P 


rated into every Delco motor built today. 
In addition to its own vast facilities, 
Delco may at any time call upon world- 
famed General Motors Research for ad- 
vice in the solution of a particular prob- 
lem, should the need arise. 


Delco fractional motors, single-phase 
and polyphase, for appliance and in- 
dustrial applications, are everywhere. 
If your product—present or future—is 
planned in sufficient volume to support 
mass production of special or standard 
motors, it will pay you to consult with 
a Delco engineer. 


DELCO PRODUCTS DIVISION 


A & 
General Motors Corporation 


Dayton 1, Ohio C 





SALES OFFICES 











ATLANTA : HARTFORD 

CHICAGO š KANSAS CITY 

CINCINNATI : LOS ANGELES 

CLEVELAND : PHILADELPHIA 
DALLAS i ST. LOUIS : 
DETROIT : SAN FRANCISCO 

EVANSVILLE ~ SYRACUSE 


‘POWER GIANT 


INDUSTRIAL ENGINES and POWER UNITS 


POWER GIANTS are especially adapted to industrial power uses where 
rugged performance is a must. They combine “proven -in-action” 
features that give Willys POWER GIANTS outstanding low maintenance 
and high efficiency characteristics. The "F" head design develops more 
power than any engine of its weight and displacement, and the "L" 
head is among the highest in its class. Both are rugged, versatile 


performers. 


TWO MODELS: Jeep: Model L-4 and Lightning: Model L-6 
Sturdy engines with both intake and exhaust valves in block. Suited to 


all stationary or mobile power needs in their respective power ranges. 


Cyl. and Bore and Ran a —* 
Herr Stroke Max. 
3% x 4% 


peer fc ae — — 


TWO MODELS: Hurricane: Model F-4 and Giant Hurricane: Model F-6 


Top power producers with intake valve in head and exhaust in block. 
Unusually good breathing qualities result in constant high torque that 
gives plenty of power right up to maximum rpm. Valuable where 
extra lugging power is required. 


o Bore and —— Range —* 


sx | mar [ m7 — 


POWER UNITS — Here is a complete, attractive pack- 

age that houses any one of four POWER GIANT Engines. 

Easily accessible with hinged top section and removable 

side panels. Includes radiator, gas tank, power take- 

off, governor, engine complete for operation. Other 
proven Willys accessories are availoble. 


Send for detailed technical lileralure WILLYS "ENGINUITY". . . Whatever your engine problems or require- 
on 4 and 6 cylinder Engines and ments, Willys engineers will apply their “Enginuity” to fit the Willys 
Power Units. POWER GIANT to your needs. 


INDUSTRIAL ENGINE DEPARTMENT 
1440 North Cove Blvd. . Toledo, Ohio 
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for better 
automatic controls GENERAL CONTROLS 
check 


For reliable, automatic control of your product or process 
. . . Whether it is in a heating, refrigeration, industrial or 
aircraft application . . . General Controls automatic controls 
will provide dependable, low cost, trouble free performance. 
Send for a copy of Catalog 53G . . . on your company 


B-55G Governor Type 
Gas Valve for on-off, 
high-low modulating 
and air damper con- 
trol. Slow opening dia- 
phragm. For gas-flow 
to industrial boilers 


letterhead, please. 








V-110 Electro-Magne- 
tic Valve for gas- and 
oil-fired boilers. Elec- 
tro-magnetic trip 
mechanism prevents 
flow until current is 
supplied. Positive safe- 
ty shutoff. 


Hydramotor. ac two- 
wire actuator with 
specially designed elec- 
tro-hydraulic pump. 
Providesreliable 
normally-open or 
normally-closed serv- 
ice for gas or fluid 
control. 


Electronic bridge, sig- 
nalling type temper- 
ature controller. No 
batteries or moving 
parts. Excellent per- 
formance, high sensi- 
tivity with minimum 
maintenance. 


K-15 Magnetic Piloted 
Piston Valve for gas 
and liquid control. 
Large flow capacity, 
humless and fail-safe. 
Available in 3 coil, 
and 5 seat variations. 





K-21 Magnetic Stop 
Valve for liquid and 
gas. Humless. Coil 
variations for many 
temperature and flow 
requirements. Positive 
safety shut-off. Valve 
closes with flow. 


Air Motor Valve. Air- 
opening and closing 
diaphragm actuators. 
For modulating con- 
trol with valve posi- 
tioners, timers or other 
instruments for high 
accuracy flow control. 


Program Timer, pow- 
ered by electric or 
spring-wound clock. 
Controls daily or 
weekly operations. 
Maximum 12 opera- 
tions a day; 18 minute 
“off” period. 


V-301 and V-302 
Pneumatic Pressure 
Regulators are design- 
ed to reduce line pres- 
sures up to 150 psi to 
working pressures of 
0-30, 0-60, or 0-100 psi. 














and furnaces. 


Hydramotor Valve. 
Screwed type valve 
body. Fast acting ac- 
tuator; positive shut-off 
in % to 2 seconds. H- 
Series actuators avail- 
able in speeds for every 
application. 


L-59T Refrigeration 
Temperature Control. 
Designed for industrial 
applications to control 
magnetic or motor- 
operated valves, heat- 
ing or cooling units, 
relays, etc. 





Pneumatic Indicator in 
cast aluminum case. 
Assemblies inter- 
changeable. One of 
General Controls’ wide 
line of pneumatic in- 
dicators, recorders and 
controllers. 


T 


l 

K-13 Series 3-Way 
Packless Magnetic 
Valves. Solenoid op- 
erated, two-wire, cur- 
rent failure type. De- 
signed to control fluids 
to piston and dia- 
phragm operators. 





GENERAL CONTROLS 


Plants in: Glendale, Calif., Burbank, Calif., Skokie, Ill. 
Factory Branches in 38 Principal Cities 
SEE YOUR CLASSIFIED TELEPHONE DIRECTORY 





Manufacturers of Automatic Pressure, Temperature, Level and Flow Controls for Heating, Home Appliances, Refrigeration, Industrial and Aircraft Applications. 
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SINGLE PHASE: RARA SELECTIVE SPEED 


Split Phase Induction—, '4, Y3 H.P. D R ! V L ° 

Capacitor— !⁄4 to 20 H. P. r1 , 
Repulsion start, brush lifting, A complete line of adjustable 
induction— to 7'A H. P. í i | speed drives for coordinating all 

Write for Bulletin Nos.: Op-— , kinds of production processes. 
Split Phase P " Write for Bulletin No. 11-1P1 


Capacitor 
Repulsion Start . . .. 


e°. . . 0 e @ e 0@ e@ @ @ 0@ e@ @ e e@ e@ 0 @ e@ e@ 0 e@ e e 0 @ @ Ó .° . . (@ e@e 0@ e@e 0@ 0@ 0@e e@e e 0@e @ à 0@@e e@e 0@ 0@ 0@ e e n e 0 e 0 0 e 0 (Š 


POLYPHASE: GEAR MOTORS: 


Squirrel Cage Induction— Vs to 15 H.P., single, double and 
Vs to 400 H. P. 
Wound Rotor Motors—1 to 400 H. P. 
Synchronous Motors—20 to 150 H. P. E 
Write for Bulletin Nos.: ñ to % H.P. . 4-5P21-61 
Squirrel Cage, Drip Proof—6-1P1 1 to 15 H.P.. . 4-1P3) 
Squirrel Cage, Splash Proof—6-1P3 
Squirrel Cage, Enclosed Fan Cooled—6-1P41 
Squirrel Cage, Explosion Proof—6-1P45 
Wound Rotor—6-3P1 


triple gear reduction 


Write for Bulletin Nos.: 


e€*9*95 97997999 999999999799? e@ e 0@ e e e e e @ @ @ °... 0@ @ 0@e @e 0@ 0@e e@ 0@ 0@ @ @ e e@ e@ @ 979797979797 e e e e 0 Ó 


DIRECT CURRENT: GENERATORS: 


All capacities—' to 300 H. P. AC, .63 to 250 KVA 
Write for Bulletin No. 10-1P1 DC, .75 to 200 KW 


Write for Bulletin Nos.: 


AC, .63 to 250 KVA—18-1P21 
DC, .75 to 200 KW—18-1P1 


Motors listed above are available in Open 
Rated Drip Proof, Splash Proof, Totally 
Enclosed Fan Cooled and Explosion Proof 
frames—and with a dozen different methods of 
mounting. They are unusually quiet starting 
and running and unusually free from vibration. 


Te CENTURY ELECTRIC COMPANY 
1806 Pine Street, 5t. Louis 3, Mo. 


Please send me the following bulletins: 


(fill in numbers here) 


Nome 
Compony 
Address 
City 


| CENTURY ELECTRIC COMPANY 


1806 Pine Street, St. Louis 3, Missouri 
Offices and Stock Points in Principal Cities 
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TYPE 
R-149 


— Need Special 


the motor, clutch, planetary 


reduction gear and limit switch J 
are all enclosed within the " P, 
smaller inner cylinder. Type Y L ° 


R-149 has an unusually long stroke 
of 9.625” at .3” per second under a : 
normai load of 4000 Ibs. on a 28 volt EEMCO can save you valuable development time and expense 


DC system. Maximum operating load is : à : 
8000 Ibs., maximum static load, 15,000 i and speed the delivery of actuators by altering one of its many 


Ibs. EEMCO's compact Type R-149 has ! tested and proven linear models to fit your specific need. 
adjustable load limit switches, non- Ç 

indi M ux Shown here are a few of many EEMCO self-powered and remote- 

a E O a TT controlled mechanical linear actuators that have been designed, 

developed, tested and produced for various air frame manufacturers. 

There is a definite possibility that one of the actuators illustrated 

(or others not shown) can be adapted to your specific need as to 


load, length of stroke, rate of travel, or other characteristic. 


illustrated at right is a group of EEMCO actuators designed for 
aileron, elevator and trim tab controls. Powered by the EEMCO 
Universa! Power Package they can be operated singly or in groups 
to actuate systems — a cowl flap for example. These and many 
other custom designed EEMCO linear actuators can be adapted 
for specific purposes with a minimum of expense and delivery time. 


EEMCO's flexible Universal Power Package drives single or multiple 
screw jack actuators, either rotary or linear (some of which are 
illustrated at right), with direct or flexible shaft connection for 
remote operation. This compact 33$ Ib. power package is only 
7" x 4X," x 234" in size yet contains motor, radio noise filter, 
magnetic clutch and brake, reduction gear and auxiliary gears 
operating adjustable limit switches to control travel, light switches 
and position indicator. Specifications can be changed to suit 
special requirements. 


POWER PACKAGE 





EEMCO's Type 0-649 linear actuator weighs 13.75 Ibs., and operates 
with a stroke of 3X," at .55 inch per second under a working 
load of 3400 Ibs. normal tension and 8200 Ibs. peak tension on a 
28 volt DC system. Maximum static load is 18,750 Ibs. It has a 
flexible shaft drive take-off, load limit switches, non-jamming 
end stops and a retraction stop that adjusts to within 1⁄4 inch. 
With minimum expense and delivery time EEMCO's Type D-649 can 
be supplied for various loads, lengths of stroke, rates of travel 
and other characteristics. 


EEMCO's Type D-458 linear actuator for jet wing flaps weighs 8 Ibs., 
3 oz., has a stroke of 5.14" at .4" per second on 28 volt DC system 
under a normal load of 3000 Ibs. Ultimate static load is 10,000 Ibs. 
compression in fully extended position. Type D-458 has non- 
jamming end stops, provision for power take-off or hand drive 
(right angle) and radio noise filter. Load, stroke, rate of travel 
and other features of EEMCO's Type D-458 can be changed to suit 
specific needs in a minimum of time. 


EEMCO's Type D-607 is a door actuator for transport aircraft which 
weighs 4.5 Ibs. and has a stroke of 6.25 inches. Linear rate of 
travel is .33" per second at the rated load of 450 Ibs. compression. 
Ultimate static tension load is 7000 Ibs. EEMCO's Type D-607 has 
non-jamming end stops, adjustable travel-limit switches, radio 
noise filter and operates on a 28 volt DC system. 


EEMCO's Type R-129 is a stabilizer actuator for large jet fighters. 
It is a complete actuator assembly incorporatmg two motors, 
1/10 hp and 3.3 hp, operating through gear reductions to give a 
drive rate of 6/100" per second and 7/10" per second respectively 
to the screw jack. Normal operating load is 11,000 Ibs.; static 
load is 80,000 Ibs. The small motor operates almost continuously 
with automatic pilot, while the larger motor provides for manual 
pilot control at a higher rate of maneuvering. Type R-129 operates 
on a 28 volt DC system, has overload and limit switches, radio 
noise filter, position indicator, non-jamming stops. Weight, 45 Ibs. 


Designers and producers of 
motors, linear and rotarv actuators. 


Electrical Engineering 
and Manufacturing Corp. 


4612 West Jefferson Boulevard 
Los Angeles 16, California 


can supply a linear actuator to fit your specifications 





Automatic Switch Company desigas and manufactures all 
A T 1 A electromagnetic control equipment for standby emergency 
power installations. Dependable ASCO equipment serves 
hospitals, hotels, television studios, mines, railroad and sub 


2 <” CT way generating stations—wherever continuity of light and 
EMERGENCY ELE RICAL power is a necessity. Aad ASCO equipment is of particular 


CONTROL EQUIPMENT importance in microwave installations. 


AUTOMATIC TRANSFER SWITCHES 

Available for all classes of load up to 750 
volts AC and 750 volts DC, these switches 
transfer connected load to emergency power 
sources when normal power fails or normal 
voltage is substantially reduced. Once the 
normal source is again in operating condition, 
the load is automatically restored. Designed 
in sizes from 10 to 1000 amperes, ASCO 
Automatic Transfer Switches are electrically 
operated, mechanically or magnetically held. 


TIME DELAY 

RELAYS — sup- 

plied as a “'built- 

in" component of 

automatic transfer 

switches, these 

relays cause the 

switch to ignore 

harmless power 

dips and outages 

and to transfer 

load to emergency 

only if an outage 

is sustained. Also CLOSE DIFFERENTIAL RELAYS — 

available as a unit. For use with ASCO Automatic Transfer 
Switches to provide "adequate-voltage'' 
power (overvoltage and undervoltage pro- 
tection). These relays cause the transfer 
switch to transfer the load to emergency 
on a 5% differential in power supply 
voltage or less if required. Also available 
for close differential frequency control. 


REMOTE CONTROL SWITCHES 
Used for remote control disconnect of the 
distribution circuits. U. L. approved to 
600 volts AC, 250 volts DC. ASCO has a 
complete line of remote control switches 
from 10 to 1000 amperes. 


t 


ENGINE STARTING FANEL-Initiates p of elec- 
trical plant upon normal *ource failure. Panel relays operate 
B" 2* closing’’ solenoid to stop the plant upon restora- p B ATTERY 
tion of normal voltage. Available for both diesel and gaso- ; CHARGER — 
e engines, designed to your specifications. s P Operating from 
the normal sup- 
ply. this charger 
eeps electric 
plant starting 
batteries 
To learn more about ASCO equipment: See Section I for š charged, ready 
ata on ASCO Electromagnetic Controls—relays, contactors, for engine start- ENGINE GENERATOR CONTROL (Also 
solenoids, complete control panels. See Section ] for ing. Can supply called Demand Start, Load Start, Fully Auto- 
information on the extensive line of ASCO Solenoid Valves. | trickle or high matic, and Lamp Start Relays) —Designed to 
rate charge. start engine automatically when any load is 
WRITE US FOR MORE DETAILED INFORMATION ; «pie. - P» IM me qe» 
ON ASCO ELECTROMAGNETIC CONTROL EQUIP. ; dee goce anb he 
MENT FOR EMERGENCY STANDBY POWER. which automatically holds off load until volt 


Automatic Switch Co. 


379H LAKESIDE AVENUE * ORANGE, NEW JERSEY 


“8 
Ed 
* 


8 
g: 
lí 


GJ 
“É E. 
C. b 


m". 
T cs 
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FVVMN A| announces a great new line of Barcol, 


em) High Power Small Motors 


TYPE OYAF 


TYPE KYAF 


TYPE DYAF 


for the tough jobs! 


Here's more power for you... to handle those difficult and 
exacting applications. 

Combining high starting torque with exceptional power 
output, the new Barcol YAF unidirectional motors meet the 
demands of products requiring components of highest quality. 
They are extra-powerful, extra-rugged to take on the tough 
jobs and stand up under long, hard duty. 

Available in three stack thicknesses ... with nine power 
ratings from 1/200 to 1/40 hp . . . these advanced type motors 
provide a wide selection to match the exact needs of your 
applications. 

If you have a project calling for a compact motor with extra 
power, investigate this new Barcol line purposely developed 
to meet such requirements. Write today, outline your prob- 
lem, ask for bulletin on YAF motors. 


CHECK THESE "PLUS" FEATURES 


High power 

High starting torque 
Exceptional efficiency 
Long life 

Large oil reservoirs 


Alignable oil-impregnated, porous 
bronze bearings 


Choice of mounting arrangements 
Choice of coil construction 
Stainlesssteelhardened and ground 
shafts 

Nine power ratings and three stack 
thicknesses 





BARBER-COLMAN COMPANY, DEPT. HB, 1212 Rock Street, ROCKFORD, ILLINOIS 


In addition to new type YAF, the Barcol line also includes various other unidirectional, reversible, and synchronous small motors—up to 1/30 hp. 


p 


REVERSIBLE SYNCHRONOUS 

Designed for follow-up be) |, Combine accurate tim- 
and positioning mech- ing and high torque with 
anisms. Available in small dimensions and 


GEARED ENCLOSED 

Barcol geared-head Barcol small motors may 
small motors are avail- be enclosed if your ap- 
able with hundreds of plication requires. At- 


wide range of gear ratios. Also light weight. Synchronize rapidly reductions to fit a wide range of tractive aluminum or die cast en- 
easily adapted for control by elec- Maintain smooth operation under applications. Expert engineering closures available with leads or 


tronic circuits. sudden load or voltage changes. service without cost to you. cords and plugs. 
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We welcome c chance to give you more details on these motors 


A versatile line of high quality, precision made 
motors in ratings from 1/30 to 5 horsepower, used 
by leading equipment manufacturers on 8 growing 


N c M A list of applications. 
The large number of special types now in pro- 
Standardized Type C Face Mountings duction permits the adaptation of present castings, 


windings and mountings to meet new design prob- 
lems at a minimum of expense. 


Long Shoft Motor used for 
Coolant and Air Conditioning 


42 Frame Circulating Pumps 


Motor Parts for Industrial Oil Burners 
56 Frome 


Two-speed Exhaust 


Fan Motor 


66 Frame 


DOERR 
Eleti VT 


CEDARBURG WISCONSIN 


k 
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Bill. 
electric motor 
needs! 


1. OPEN DRIP PROOF,: general purpose. Normalized cast iron 
frames; cast aluminum rotor; compound ventilation; con- 
tinuous 40°C rise. 


. TOTALLY ENCLOSED FAN COOLED,* for moist, dirty or cor- 


rosive atmospheres. One piece aluminum fan; cast iron 
frames with self-cleaning cooling fins; continuous 55°C 
rise. 


TYPE Ct face mounted or flange type footless mounted, 
open drip proof. Normalized cast iron frames; cast alumi- 
num rotor; compound ventilation; continuous 40°C rise. 


VERTICAL SOLID SHAFT,+ NEMA type P base. Normalized 


cast iron frames; cast aluminum rotor; continuous 40°C 
rise. i 


. VERTICAL HOLLOW SHAFT,* extra large canopy protects H * Larger motors to 


: — > h H 7000 hp in every type 
ventilation opening; completély protected heavy-duty 4 of enclosure and 


thrust bearing; "pin" type reverse protection clutch or . mounting 
"ball" type non-reverse ratchet; extra large oil reservoir; 

centrifugal type cooling fan; cast aluminum rotor; con- 

tinuous 40*C rise. 


f All motors with NEMA trames; low starting current; normal š BELGIAN ELECTRIC SALES CORPORATION (Dept. P-2) 


starting torque; dust tight ball bearings; dynamically balanced F * 

rotor; Class A insulation of Polyvinyl-Acetal; glyptal coated wind- : 40 EAST 49th STREET, NEW YORK 17, NEW YORK 

ings; NEMA design B. : Please send me full information about the types of ACEC 
motors whose numbers | have circled. and their applications 


1 2 3 4 5 


\ J we NAME 
| -world-wide service” 


/ 


“world-wide quality— \ 
COMPANY 


ACEC Motors are sold in the U.S.A. by 
BELGIAN ELECTRIC SALES CORPORATION : 
Main Office: 40 East 49th St, N. Y. 17, N. Y. Tel. Plaza 8-3101  ; crrv 
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Double blowers for applications requiring 

100 CFM of free air, as in laboratories, D 
kitchens, refrigeration units, air condi- 
tioning equipment, large photo darkrooms 
and for furnace draft boosters. Powered 


A rugged and dependable little unit for 
general use and medium speed applications, 
c 5 which will operate for years with a mini- 
by e D shaded pole induction motor. mum of attention. Ideal for pumps, fans, 
Require infrequent oiling. Non Rodio in- ; advertising displays, brooders, space heat- 
terfering. Normally furmshed with outlet ers, etc. 1/100 to 1/200 HP. 115v, 60 
mounting flange but can be had with a A cycles in either CC or CCW rotation. Con 
flat strap bracket and an outlet demper. be had for other voltages or 50 cycle oper- 
For 115v AC, 60 cycles (other voltages ation. Ventilated cases, flat strap mount- 
or frequencies on request). 35 watts at ing bracket, junction box welded to case 
3100 RPM (free air) on 115 volt source. and Elkey connector available. 


DS. Single blower, with all the advantages of Type 
DD, but opproximately half the air delivery. 115v, 60 SA-1 SA-2. 2-pole skeleton frame motors, 
apelos. For CW and CCW operation. 35 watts at 3150 1/100 to 1/200 HP. Have the same charac- 
RPM on 115 volt line. Regularly supplied with inlet teristics as Type D motors. The shaft is 
screen and outlet flange, but can be had with inlet concentric with the OD, thus makin 
domper, inlet mounting flonge, "L" type bracket or mounting o simple problem. Elimination o 
flat strap brocket. case mokes them very economical. 


$A2 


Most completely developed line of Heinze 
shaded pole induction motors. 1/200 to 1/50 
HP. Ten standard sizes. High or low startin 
torque. Speed ranges from 1400 to 17 

35%” balanced air rotors with slow RPM. Normally furnished for 115v, AC, 60 
speed minimize air noise. 115v, AC, cycles. CW and CCW rotation. (Other volt- 
60 cycles. 45 watts, 1650 RPM (free " —* and frequencies on request.) Can be = 
air.) Available for 230 volts or 50 plied in closed cases, 4-stud mounting, saddle 
cycle operation. type mounting bracket, flat strap bracket and 

junction boxes. 


Powered by sturdy, low speed type 
"Z'" shaded pole induction motor. 


AM-100 


New capacitor motor. 1/100 hp., yy ot 
free speed of 3300 rpm. or lood speed of 3100 


ZSS ZRS. The most compoct 50 CFM blower units avoil- 
able today. Resilient mounting base to reduce mechani- 
cal vibration to a minimum con be furnished with flot 
strap bracket instead of outlet flange normally furnished. 
115v, AC, 60 cycles. 40 watts ot 1650 RPM. Con be 
mounted for 230 volt operation 


rpm. 
Original developed for TV antenna rotator 
service. Reversible. Is excellent also for laboro- 
tory or experimental use: or for advertising 
displays, etc. 
40 watts. 24 volts. 60 cycles, AC. Skeleton 
frame, but can be supplied in ventilated case, 
F2-D same size and appearance as Heinze Type z 
For cooling electronic tubes in trons- motor. Mountings ovoiloble 
mitters, induction heoters ond dia- 
thermy equipment. Quiet eration. 
Low wattage. Light weight. Will not 1 
cause radio interference. 115v, AC, AR-105 
60 cycles. 15 watts 3000 RPM (free Another new capacitor rotator motor, 1/200 hp. 
air). operating at free speed of 3000 rpm. 35 watts. 
24 volts. 60 cycles, AC Operated with a 75mf 
capacitor. 


F2-S single, blower os above. 115v, AC, 60 cycles. 
15 watts. 3100 RPM (free air). ET FC and FB 
2 pole, shaded pole, induction motors. CW or 
CCW rotation. 1/1000 to 1/300 HP. For 
“mouse power” applications, such as range oil 
umps, small hair dryers, desk fans, toys, space 
eaters, advertising displays, timed-switching 
devices, small water circulators, kitchen mixers, 
etc. 115 v, 60 cycles. Free speed, 3200 RPM. 
Recommended load speed, 2 to 3000 RPM. 


F2S 


F 21⁄4-S 


Hos generolly the some feotures os 
the F2 blowers. Bokelite housing. 
115v, AC, 60 cycles. 15 watts. 
2800 RPM (free air). Can be sup- 
plied in double housing (F 2D) 
with opproximately twice the oir 
delivery of F 25-5. 


K 
K6-S (and K12-S) are battery operated for cors, K 


trucks, boots ond other portable instollations. 


The same specifications os for Type 


K115-S is an AC-DC blower of excellent output where 
absolutely quiet operation is not of prime importance. 


Delivers approximotely 100 CFM of air ond operotes ot 
a speed of 2800 RPM. 70 watts on 115v, 60 cycle line. 


1/50 to 1/25 HP. Normally supplied 
for 115 volt line. Can be had for 230 
volt operation or as a straight 115 
volt (or 230 volt) DC motor. Close 
case type. Lee governor and resilient 
mounting plate available. 


"K" but flat-sided for sewing ma- 
chines, business machines and other 
devices needing a series motor, where 
space is important. 

Can be furnished with die cast 
housings and external brushes. 


Heinze Electric Co 


685 Lawrence Street 


LOWELL, MASS 


Heinze Electric Co 


685 Lawrence Street 


LOWELL, MASS 
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U HAVE A CONTROL PROBLEM 


- FEDERAL NOARK’ 
| CAN SOLVE IT 


CUSTOM DESIGN and the manufacture of complete control 
panels is a very important part of Federal Noark business. 


Federal Noark control unit for a New Jersey Machine Cor- 
poration’s labelling machine that eliminated costly switch and 
relay chattering. Above is opened unit showing electronic 
brain, Federal Noark manual and magnetic motor starters 


and oil-tight push-button switches. 


It has proved the perfect solution for hundreds of control prob- 


lems, and always incorporates standard Federal Noark Motor 


Controls that are outstanding for their simplicity of design, 


efficiency of operation, and easy, low-cost maintenance. 
Whenever you have a control problem, submit it to us. 
Federal engineers will find the solution, and Federal Noark will 


build the control units required for top service and economy. 


FULL LINE OF MOTOR STARTERS UP TO 400 


BULLETIN 504 


Across-the-line Magnetic 
Motor Starters in sizes 0, 
1, 2, and 3...the heart 
of today’s most elaborate 
controls. Only one moving 
unit . . . coils changed in 
seconds. 


BULLETIN 514 


Combination Non-Revers- 
ing Motor Starters with 
front-operated motor cir- 
cuit disconnect switch, 
permitting close ganging. 
Thermal overload protec- 
tion. BULLETIN 515 
Combination Non-Revers- 
ing Motor Starters with air 
circuit breaker. 


BULLETIN 950 


Solenoid Type Relays in 
any combination of nor- 
mally open and closed cir- 
cuits, up to 12 circuits. 0 
to 600 volts. 


ge, FEDERAL,P 


BULLETIN 534R 


Magnetic Multi-Speed Starters with full 
selective control up to 4-speed. Overload 
protection. 


BULLETIN 554 


Reduced Voltage Mag- 
netic Compensator Start- 
ers with adjustable pnev- 
matic timer and overload 
protection. 


PUSHBUTTON STATIONS 


A complete line of stand- 
ard and heavy duty sta- 
tions in watertight en- 
closures as well as for 
hazardous locations. Sur- 
face and flush mounting. 


Ta 2l 


AC 


H.P., 600 VOLTS, A.C. 


OTHER NOARK STARTERS 


BULLETIN 424 


Reversing Manual Motor Starters. 


BULLETIN 4345S 
Two-Speed Manual Motor Starters. 


BULLETIN 454 


Manual Reduced Voltage Starter. 


BULLETIN 502 
Magnetic Contactors with auxiliary con- 
tact for 3-wire control. 

BULLETIN 522 


Reversing Contactors. 


BULLETIN 524 
Reversing Starters with thermal over- 
load protection. 

BULLETIN 528 
Combination Reversing Starters with 
motor circuit disconnect switch. 

BULLETIN 529 


Combination Reversing Starters with 
air circuit breaker. 


For complete specifications write to 
Federal Electric Products Co., Industrial 
Control Division, 1429 Park Street, 
Hartford 1, Conn. 


di 


Federal products: Stab-lok Circuit Breakers, Motor Controls, Safety Switches, Service Equipment, Industrial Circuit Breakers, Panelboards, Switchboards, 
Control Centers, Bus Duct — Pacific Electric products: High voltage circuit breakers and power switches x Sales offices in principal cities. 
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POLYPHASE 
SQUIRREL-CAGE 
MOTORS 


Open type polyphose squirrel-cage 
motors in frames 264 and smaller ore 
dripproof because there ore 
the 


Lorger open type motors can be supplied 


completely 


no ventilating openings in frame 


of 


dripproof 
horizontal mounting if required 


with construction for normal 





Normal 
slip 


High torque, normal slip 
(approximate full-load 
slip less than 5%) 


High torque, high slip 
full-load 
slip 5to8% or8 to 13%) 


(approximate 


High torque, high slip 
(approximate full-load 
slip 15 to 18%) 


torque, normal 
(approximate  full- 


load slip less than 5%) 


RATINGS 


Y%-400 hp, 3- or 2- 
phase, 25 to 60 
cycles, all standard 
voltages. 


1 Ya—200 hp, 3- or 
2- phase, 60 cycles, 
all standard volt- 
oges. 


4—150 hp, 3- or 2- 
phase, 25 to 60 
cycles, all standard 
voltages. 


1-60 hp, 3- or 2- 
phase, 25 to 60 
cycles, 110 to 550 


volts. 





ELECTRICAL TYPES 
CHARACTERISTICS 


APPLICATIONS 


Group or individual drives on machine 
tools, fans and blowers, compressors, 
centrifugal pumps—on any application 
where normal torque motors are satis- 
factory. 


Crushers, plunger pumps, belt conveyors 
starting under load, large air com- 
pressors, large refrigerating machinery 
mixers and other high starting torque 
applications. 


Punch presses, shears, metal drawing 
operations, balers and other machinery 
equipped with flywheels or having fly- 
wheel effect. 


Elevators, cranes, hoists, dumbwaiters. 


WOUND-ROTOR POLYPHASE MOTORS 


Continuous Duty .., con- 
stant or adjustable vary- 


ing speed. 


Intermittent Service... 
Crane and hoist duty. 


1 to 250 hp, 3- and 
2-phase, 25 to 60 
cycles, 110 to 550 
volts. 


2 to 200 hp, 3- 
and 2-phase, 25 
to 60 cycles, 208 
to 550 volts. 


SINGLE-PHASE MOTORS 


CHARACTERISTICS 


Capacitor-start induction, 
high starting torque, normal 
starting current. For 
purpose single-phase appli- 
cations. 


general 


Repulsion-start induction, 
high starting torque, low 
starting current. For general 
purpose single-phase appli- 
cations. 


Repulsion-induction, high 
starting torque, for applica- 
tions involving a 
starting period. 


very long 


Split-phase induction, low 
starting torque, high starting 
current. For easy to start 
small fractional hp applice- 
tions. 


OPEN TYPE RATINGS 


Y%-5 hp, sleeve or ball bear- 
ings, rigid or resilient base. 
115, 230 or 115/230 volts, 
25 to 60 cycles. 


Va-15 hp. Sleeve bearings, 
rigid base all ball 
bearings through 7'^ hp; re- 
silient base through 1'^ hp 
115/230 volts, 25 to 60 


cycles 


ratings; 


1-5 hp. Sleeve or boll beor- 
ings, rigid base. 115/230 


volts, 60 cycles. 


1/20-'A hp, sleeve or boll 
bearings, rigid or resilient 
base. 115 or 230 volts, 25 
to 60 cycles. 


Conveyors, compressors, pulverizers, etc., 


requiring continuous operation. 


Elevator, crane, hoist and similar services 
requiring short periods of operation. 


MOTOR-TYPE VARIATIONS 


Type TK, totally enclosed non-venti- 
loted !⁄—'!⁄2 hp. 


Type TA, totally enclosed non-ve: ti- 
lated, “2-3 hp. 


Type HA, totally enclosed non-venti- 
lated explosion proof, 5 hp. 


Type HG, totally enclosed fan-cooled 
explosion proof, 1-3 hp. 


Type TB, totally enclosed non-venti- 
lated, 1/20-' hp. 





TISPEED MOTORS 


Multispeed squirrel-cage motors are used where more than 
one speed is required, but where close speed 
regulation is not required. They are built with the same 
electrical characteristics and the same types of enclosure 
as single speed motors. 


ENCLOSURE TYPES 


SPLASHPROOF 


Type XP-1, normal torque, 34-250 hp, and 
type XP-5, high torque, 3-50 hp. 50 C, 
single speed, ball bearing, rigid base, 
horizontal. | 


CHARACTERISTICS 


running 


SPEEDS APPLICATIONS 


Constant Torque motors 


TOTALLY ENCLOSED NON-VENTILATED 


Type TP+1, normal torque, “4-15 hp. 55 C, 
single speed, sleeve or ball bearings, rigid 
base, horizontal. 


T 


have the same torque rat ypicol 
ings ot eoch speed ond the tion 
horsepower vories directly eyor pr 
as the speed 


oppiica 
tokers, con 
nt ng 


Variable Torque motors 
have torque ratings which 
ore directly proportional 
to the speeds and con 
sequently the horsepower 
varies as the square of the 
speed. 


TOTALLY ENCLOSED FAN-COOLE 


Steel Frame Construction 


Type CP-1 
high torque, 


normal torque, 1-250 hp; type CP-5 

)-75 hp 
Type HP-1, normal torque hp; type HP-5, n 
high torque, 3-75 hp. Explosion proof 


Stondard 


Constant Horsepower 
motors have the same 
horsepower rating at 
each speed and the torque 
vories inversely with the 
speed 


Cast Iron Frame Construction 


> & 


Type EP-1, normol torque, 2-250 
high torque, 3-75 hp. Standard 


hp; type EP-5, 


Type JP-1, normal torque, 2-250 hp; type JP-5, 
high torque, 3-75 hp. Explosion proof 


HERMETIC MOTORS 


PHOLYPHASE 
RATINGS 


SINGLE-PHASE 
RATINGS APPLICATIONS 


V4 hp 60 
cycle 115 v. 
VA to % hp 
60 cycle 115 

or 230 v. 
Và to 5 hp 

60 cycle 

230 v. 


APPLICATIONS TYPES 


YA to 10 hp 
3 phose 60 
cycle 208, 
220 or 440 v. 


Sealed refrigeration 
units, air conditioners, 
commercial refrigera- 
tors, etc. 


RB-Split phase 
RK-Capacitor-start 
induction run 
RY-Capacitor-stort 

ond run 


Hermetically sealed 
refrigeration units, 
freezers, compressors, 
household  refrigera- 
tors, etc. 


RP, Squirrel-coge 


DRY-TYPE 


INCREMENT TYPE 
MOTOR AND STARTER 
COMBINATION 


A low-cost combination of a poly 
phase squirrel wound 
with two parallel star circuits, and 
a magnetically operated two step 
increment type starter, which limits 
the inrush of current at starting 


cage motor, 


JET PUMP MOTORS 


Type RK — Single-phase, capaci- 
tor-start, open type, 40°C. with 
round frame, ball bearings, and 
NEMA face type back endplate 
for horizontal or vertical end 
mounting. Built to NEMA stand- 
ard dimensions and perform- 
ance, in ratings ‘4 to 1 hp, 60 
cycle 3600 rpm, 50 cycle 3000 
rpm, 115/230 volts. 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


FAN DUTY MOTORS 


Type TM — Shaded-pole, totally 
enclosed non-ventilated, no 
temperature rating, for shaft 
mounted propeller fans which 
draw air over the motor.1/125, 
1/80,1/40,1/30 and 1/20 hp; 
sleeve bearings, round frame 
or with rigid or resilient base. 3 
speed reactor controllers con be 
supplied if specified. 


WAGNER ELECTRIC CORPORATION 
$406 PLYMOUTH AVE., ST. LOUIS M, MO., U. $. A. 


TRANSFORMERS 


AE—Two coil 


! 


Type single-phase 
kva—Designed for 


wall mounting, and suitable for in- 


Ratings 
door or outdoor installation 
100 kva—De 
platform mounting. For ind 
ice only. Type AP tw 
phose dry-type transformer 
single-phase and 
three-phase dry 


gned for 


type cavto-trons 
formers ore also 
available 


ELECTRIC MOTORS 
TRANSFORMERS 
INDUSTRIAL BRAKES 


AUTOMOTIVE 
BRAKE SYSTEMS — 
AIR AND HYDRAULIC 





SPECIALIZED ROTATING 
ELECTRICAL EQUIPMENT 
| ALTERNATORS * BLOWERS * MOTORS 


INDUCTION 60 and 400 cycles Variable and Dual Frequency Induction Motors 
MOTORS Single, two and three phase Motors for use on aircraft variable frequency supplies 
operation. 1/1500 to 1/3 H.P. to drive fans, blowers, pumps, etc. Other EAD motors 
1” to 6-5/8” in diameter. for use on dual and special frequency supplies. 


SERVO 
MOTORS 


Small, precision motors 


SYNCHRONOUS MOTORS GEAR MOTORS designed for Servo use 


and for other special 
Hysteresis and Salient Pole Types Precision units giving high purposes where low 


60 and 400 cycles. € 1/1500 to 1/3 H.P. torque with wide variety inertia and high torque 


1” to 6-5/8” in diameter. of gear ratios. Powered by ratings are desirable. 
Dual speed, permanent magnet and 60 cycle, 400 cycle or 
D.C. excited units also available. variable frequency motors. 


—— m 


ALTERNATORS - 2. Low Harmonic Content: 4 3. Dual Frequency: 


1. Power: units capable of | units capable of 


! delivering a sine wave ee producing a combination 
up to 400 volt-amps. with less than 2% total ` of frequencies and 


wide frequency range. distortion for instruments voltages for special 
and test equipment. applications. 


BLOWERS A complete line of lightweight, compact fans and blowers 
for cooling electronic equipment or for general purpose use. 

and FANS Capacities range up to 1000 CFM with special designs 
available for high static pressures. Single and double 
ended — 60 cycle, 400 cycle and variable frequency. 


D.C. TACHOMETER These D.C. voltage generators provide a 
voltage signal proportional to speed, 
GENERATORS with high linearity for tachometer and 
control applications. 


EASTERN W DEVICES, INC. 399 CENTRAL AVENUE, DOVER, NEW HAMPSHIRE 
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each of these HOLTZER-CABOT motors 
solved a special problem! 


Holtzer-Cabot specializes in motor and gener- 
ator design, and is tooled to produce both AC 
and DC motors at lowest possible cost, in a wide 
range of frames, with unlimited varieties of 


mechanical and electrical features. 


Quality motors correctly designed result in 


lowest ultimate cost. 


Bring your small-motor application problem to 
Holtzer-Cabot. Our experience in developing 
custom-built motors assures you of a prompt 


and expert solution, 


125 Amory St., Boston 19, Mass. 


Sales Service Representatives 
in Principal Cities throughout the World 


Designers and manufacturers of mechanical, 
pneumatic, hydraulic, electric and electronic 
equipment and systems 
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POWER TO FIT THE MACHII 


WISCONSIN Heavy-Duty 


TYPICAL EQUIPMENT AND SERVICE APPLICATIONS 


The Wisconsin Heavy-Duty Air-Cooled Engine line offers 
the original equipment manufacturer and his customers the 
cumulative benefits of many years of exclusive specialization 
in the manufacture of air-cooled engines, in a complete 
power range from 3 to 36 hp. 


Every Wisconsin Engine, from the smallest to the largest, 
is of heavy-duty design and construction, with the inherent 
“Lugging Power” required for all types of variable or inter- 
mittent heavy-duty service as well as for continuous con- 
stant load operation. 


All models are equipped with tapered roller bearings at 
BOTH ends of the drop-forged crankshaft, taking up both 
radial- and end-thrusts — permitting safe mounting of drive 
pulley, gear or sprocket directly on the extended crankshaft 
with utmost protection against bearing failure. 


All models are furnished with rotary type, high tension 
OUTSIDE magneto, with Impulse Coupling for quick, easy 
starting in any weather, at low cranking speeds. All models 
have pump-circulated positive lubrication systems and 


AIR-COOLING at its best. 
SPECIAL EQUIPMENT: Ali models can be furnished with variable speed 


controls, electric starting, Stellite exhaust valves and valve seat inserts, clutch 
take-off assemblies and reduction assemblies. Clutch reduction assemblies 
available for larger single cylinder and all 2- and 4-cylinder models. Special 
equipment must be specified at time engines are built. 


SPECIFICATIONS — 4-Cycle Single Cylinder Models 


ABN AKN AEN AFH AGH AHH 


JW^ 2» > ju* 34^ 34" 
234," 23," 3," 4” 4” 4” 
No. of CYLINDERS 1 l 1 1 1 1 
DISPL. CU. INCHES 13.5 17.8 23 33.2 385 41.3 
H. P. RANGE 2.2-4.6 3.2-6.2 4.5.8.2 6.0.7.2 7.2-8.4 7.7-9.2 
1600. 1600. 1600. 1600. 1600.  1600- 
SPEED RANGE —RPM — 3600 3600 3600 2200 2200 2200 


"i 


Standard Engine 76 76 110 180 180 180 
Added Weight for 

Clutch 26 26 35 35 35 35 
Added Weight for 

Reduction 18 18 25 60 60 60 
Added Weight for 

Clutch Reduction 60 80 80 80 


2 and 4-cylinder Engines * 7 to 36 hp. 


These engines provide a smooth, uninterrupted power con- 
tinuity from the single cylinder series through three 
2-cylinder and three V-type 4-cylinder models, as noted in 
the condensed specifications tabulation below. 

This power range flexibility permits selection of the ideal 
engine to ‘it both the machine and the job without power 
waste or needless weight handicaps. Every Wisconsin Engine 
is extremely compact and relatively light in weight for con- 
venient mounting on a great variety of equipment without 
costly re-designing or cumbersome installation. 

Every Wisconsin Engine is run-in under load (the last 
hour under full load) before leaving the factory. 


Wisconsin Heavy-Duty Air-Cooled Engines are built to 
highest quality standards . . . to deliver “Most H.P. Hours” 
of on-the-job performance, at lowest maintenance cost. 


SPECIFICATIONS — 2- and 4-Cylinder Models 


MODEL TE TF TFD  VE4 VF4 VG4D 


BORE 3” 34" 3X4" 3" 34" 34” 
STROKE 34," 34" 34" 34" 34" 4" 
No. of CYLINDERS 2 2 2 4 4 4 
DISPL. CU. INCHES 45.9 53.9 53.9 919 1077 154 
H. P. RANGE 7.2-11.28.7-14.6 8.7.15 13-21.5 15-25 25.36 

1400. 1400. 1400- 1400- 1400. 1400- 
SPEED RANGE—RPM 2600 2600 3000 2400 2400 2200 
NET WT. IN LBS. 


Standard Engine 205 205 205 295 295 410 
Standard Engine with 

Side Mount Tank 220 220 220 315 440 
Standard Power Unit 255 255 255 355 495 
Added Wt. for Clutch 35 35 35 40 40 100 
Added Wt. for Reduction 60 60 60 65 65 
Added Wt. Clutch 

Reduction 85 85 85 90 90 150 


ENGINEERING SERVICE: The services of our Engineering Department are 
available to assist in adapting Wisconsin Air-Cooled Engines to your original 

equipment requirements. The facilities of our completely equipped modern Test- 
x | I $ ing Laboratory are also available without cost to you, for testing and obtaining 
l a I ` | . detailed engineering data in direct relation to service applications of your 
| RE PRI g: i “£ ; | Ç equipment. Write for detoiled engneering specificotions. 


WISCONSIN MOTOR CORPORATION 


* 


NET WEIGHT, LBS. 











d 


hi 


zm 
> wg MW 


U. S. A. 


2 hp. 


Model 
1600-3600 rpm. 
H 


Cylinder 
Models 

F 
AGH 


Cylinder 


JO 
A 


V 
25 to 36 hp. 


2.2 to 6.2 hp 
3600 rpm. 
6 to 9.2 hp. 
1600-2200 rpm. 
2-cylinder 
Models 
7.2 to 15 hp. 
1400-3000 rpm. 
-type 
4 Cylinder 
Models 
13 to 25 hp. 
V-type 
4 Cylinder 
Model 
1400-2200 rpm. 


4.5 to 8 


MODELS 
Single Cylinder 
Single 


1600- 
Single 


et 


WISCONSIN, 


ui 
L 
b 
E 
B. 


DIMENSIONS 
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In mobile installations like this . . . 


ONAN Electric Plants eliminate 
noise and other major problems 


This traveling library in Minneapolis is completely electrified with lights, 
many motors and even electric radiant heating. The electrical load demanded 
a 10,000-watt generating plant . . . much more capacity than is required in 
most mobile installations. This size plant would normally intensify problems 
of noise, weight, space, vibration and possibly cooling. 

Working with library authorities and the Gerstenslager Company, builders 
of the mobile unit, Onan engineers solved these problems with an Onan 
“CW” electric plant of 10,000-watt capacity. 

The Onan model 10CW is vacuum-air-cooled, that is, the cooling air is 
drawn through the generator and out over the cylinders. The effect is a muffl- 
ing of all engine, generator and fan noises to a point where, in this installa- 
tion, it is difficult to tell when the electric plant is running. 

Space required by the 10CW is about half that of an ordinary water-cooled 
electric plant (generally considered where noise is a factor) and the weight 
is less than half. The two-cylinder gasoline engine is inherently smooth run- 
ning and only a few inches of ducting are required for exhausting heated air. 

The many built-in advantages of Onan Electric Plants will solve similar 
design problems for you. Let us know your requirements. 






400 to 55,000 watts 


GASOLINE-POWERED 
Air-cooled: 400 to 10,000 watts 
Water-cooled: 10,000 to 50,000 
watts 

OTHER FUELS 

Electric plants for Diesel and 
bottled gas engine operation 
available in sizes up to 55KW 













Write for literature and specifications 


_D. W. ONAN & SONS INC. 


8989 University Avenue S.E. 4 Minneapolis 14, Minnesota 





Catalogs 
an 
Bulletins 


Request additional information using 
postcards following page 24 





(T-1) GEARMOTORS — Westing- 
house Electric Corp. Booklet B-5645, 
15 pp. Describes a complete line of 
the life-line gearmotors, giving the 
features of the gear unit and motor. 
Gear ratios for single, double, and 
triple reduction types are given. Other 
gearmotor designs developed especially 
for a particular requirement are de- 
scribed also in the booklet. 


(T-2) SUPERCHARGERS — Miehle- 
Dexter Supercharger. Bulletin 153, 
4 pp. Information on a line of super- 
chargers for internal combustion en- 
gines, and blower and air compressor 
operations. Range of sizes for unsuper- 
charged engines from 100 to 750 hp. 
Models from 15 to 4,000 cfm at pres- 
sures of 2 to 15 psi. Has illustrations, 
cutaway views, and graphs. 


(T-3) PACKAGED, ADJUSTABLE 
DRIVES — Westinghouse Electric 
Corp. Booklet B-5808, 16 pp. Com- 
plete information about packaged ad- 
justable-voltage drives for variable 
speed application. Discusses: construc- 
tion and operation; typical applica- 
tions; and the economics of operation. 
Characteristics that can be added are: 
inching; reversing; dynamic braking; 
and multi-motor control are described. 


(T-4) MINIATURE MOTOR 
PRODUCTS—Globe Industries, Inc. 
Describes an extremely small perma- 
nent magnet d-c motor, specifically de- 
signed for precision airborne accessory 
equipment. It also has been adapted to 
a variety of additional applications 
where a motor of high power is re- 
quired in a minimum of size and 
weight. The various units for which 
complete engineering specifications are 
given are: blowers, fans, servos, gear 
units, governors, motor switches, vi- 
brators, and gyros. 
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COMPLETE MOTORS—<a wide variety of standard designs or 
economically custom-designed to meet special problems. 


* 


MATCHED MOTOR PARTS, standard or custom 


designed, produced to close tolerances. 


How to Select the Fractional HP Motor 
That’s Exactly Right for Your Product 


HE most important single factor 

in motor application in any prod- 
uct is to get the right motor for the 
job. That’s why R & M offers such 
a wide variety of type and sizes of 
complete motorsand matched motor 
parts. 

But you may have special re- 
quirements that a standard motor 
won’t meet. If so, we’d rather de- 
sign a special motor to meet those 
requirements than see you take an 
"off-the-shelf" compromise. That's 
why we also custom-design, eco- 
nomically. 

Ordinarily custom-designing is a 
slow, expensive process. Here at 
R & M things are different. We 
have designed the unique R & M 


The unique R & M "Electrical Slide Rule,” that 
computes motor performance in minutes, in- 
stead of days or weeks— makes custom- building 
practical and economical, 


"Electrical Slide Rule." This is a 
motor performance computer that, 
in a matter of minutes, gives the 
designer the answers to a compli- 
cated set of formulas that usually 
takes a day or two to work out. 
Naturally it’s to your benefit as 
well as ours to offer this service. 

Our small motors have a gratify- 
ingly low failure rate. We do some 
special things to assure this—dia- 
mond-turned commutators; special 
varnish impregnation; glass insula- 
tion where temperatures require; 
and so on. 


Some Typical Applications 


Advertising Devices... Business Ma- 
chines... Recording Equipment... 
Projectors... Hedge Trimmers... 
Lawn Mowers... Polishers... Waxers 
... Drink Dispensers... Food Mixers 
... Hair Dryers...Vibrators... Dish 
Washers... Ironers. .. Refrigerators 
. Vacuum Cleaners. 


Power Tools... Drills . . . Grinders 
Nut Setters...Screw Drivers 
Routers... Planers... Sanders 
Saws... Hammers... Die Sinkers 
Nibblers ... Polishers . . . Valve Grind 


ers... Hones... Grease Guns. 


Compressors . .. Pumps... Oil Burn 
ers... Sirens... Ventilating Equip 
ment... Dental and Surgical Instru 
ments. 


Have You These Bulletins ? 


Write for those you'd like to have: 


Motor Parts for 
Portable Tools 
Universal Motors 
Capacitor Motors 
Universal and DC 
Motors 
R & M “All-Weather” 
Motors—up to 125 HP 


Let Us Tell You More ` 


We have built millions of small motors 
for thousands of different applications. 
We feel well qualified, with engineer 
ing skill and experience, and ampk 
manufacturing facilities, to help you 
solve your problems. |t won't cost 
you anything to find out, of course 


All- Weather ' is on R & M Trademark 


ROBEING = MYERS, inc. 


MOTOR DIVISION: SPRINGFIELD 99, OHIO * BRANTFORD, ONTARIO 


v # F 


Fractional & Integral Electric 
Motors & Generators . Fans 


Electric & Hand Moyno 
Hoists & Cranes Pumps 


a 


due 


Propellair Industrial 
Ventilating Equipment 





C(O) MSPEC 


P-M D-C TACHOMETER-GENERATORS 
for general use... 
performance approaching MIL Specs 


at commercial-spec prices. 


Die-cast aluminum frames ond end brackets—shielded ball 
bearings in cast-in stainless-steel inserts—rugged stainless- 


steel shaft — 11-slot armature and commutator — silver- 
graphite brushes — molded barriers on terminal boards — 
speed range 50 to 5000 RPM — output voltage at constant 
ombient temperature is lineal with speed + 1%—at constant 
speed, voltage in either direction is the same within +0.5 V 
— flange and flat mounting. Photo shows Frames (top to bot- 
tom) L-24, M-24, M-22. 
Frame “Output, | Max A-C | Dimensions | 
and Volts per **Armature Ripple Exclusive 


Type No. 100 RPM | Resistance | in Output | of Shaft Weight 


| | 4% TAXSA | 2002. 
M-24-012t 1+ 10% 4% 212 x 3 20 oz. 


L-24-013 3+10% | 1450hms | 4% 235 x4 32 oz. 


*With 10,000-Ohm Load. **Nominal Valve; Tolerance +20%. 
tOn this unit, only end-bracket has stainless-steel insert. 


A similar line of Comspec P-M, A-C Generators is now under devel- 
opment. Other products include A-C and D-C P-M and Constant- 
Frequency Drag-Cup Tachometer Generators; Special Motors and 
Generators to MIL and Commercial Specifications. Send complete 
data for a quotation. 


INSTRUMENT Motors 


ACOSTA STREET . STAMFORD CONNECTICUT 





CROSLEY 


DIVISION OF AVCO 


AU X 


Quality-Minded Manufacturers 
tended Sole bees Demand Quality Motors 


The world-famous manufacturers, whose trade-marks you see 
above, can't afford to take chances with inferior rotary electrical 
equipment. The products they make must perform dependably — 
day in and day out — in order to protect and further the out- 
standing reputations of these companies. 


Here at EEPCO we have worked with these industry leaders in 
the research and development of efficient, economical power 
sources for their products. In all cases, we have delivered from 
our production lines rotary electrical equipment that easily meets 
the extremely high standards maintained by these companies. 


i Whatever your problem is, whether it is a complicated dyna- 
motor or a simple shaded pole motor, or armatures and fields, 
the EEPCO engineering staff is at your service to develop and 


0Y-98 Dynemoter produce the best unit for you. 


Write, wire, or phone for complete details. 
ELECTRO ENGINEERING PRODUCTS CO. 
609 W. LAKE STREET, CHICAGO 6, ILLINOIS 


* P.M DC MOTORS & GENERATORS © CAPACITOR TYPE MOTORS  * UNIVERS *! ¥ RS 
* DC MOTORS & GENERATORS * SHADED POLE MOTORS /2-4-6 Pole e P.M Av GENERATORS 


Catalogs and Bulletins...... continued 


(T-5) D-C MOTORS AND GENER- 
ATORS—The Louis Allis Co, Book- 
let, 16 pp. Covers a line of d-c mo- 
tors from 15 to 300 hp, and d-c gen- 
erators from 34 to 250 kw. D-c elec- 
trical characteristics are described, and 
d-c adjustable speed application data 
given, supplemented by circuit dia- 
grams, and operating curves. All units 
are illustrated, and construction de- 
tails given. 


(T-6) MOTORS & GENERATORS 
—General Dynamics Corp., Bulletin 
100, 12 pp. Detailed information on 
performance and dimensional data, 
along with product application data, 
plus charts to aid in the selection of 
motors for ordinary applications of 
polyphase squirrel-cage induction mo- 
tors. 


(T-7) VARIABLE SPEED MOTORS 
—U. S. Electrical Motors, Inc., Bulle- 
tin 1797, 16 pp. With many colored, 
cutaway illustrations, it outlines the 
reasons why variable speed motors can 
be used to improve production. Has 
illustrations of all types of varidrive 
motors, showing mechanical features, 
remote controls, and other points. 


(T-8) GEAR MOTORS — General 
Electric Co., Bulletin GEA-1437H, 16 
pp. The function, design, and appli- 
cation of gear motors with ratings 
from 1⁄4 up to 200 hp are described, 
along with many cutaway drawings 
that show the positioning of the parts. 
Adaptability to low-speed jobs and 
adjustable-speed drives are explained. 
Completely illustrated. 


(T-9) WOUND ROTOR MOTORS 
—The Louis Allis Co., Bulletin 1300. 
Covers the wound rotor principles of 
operation, and contains performance 
curves and characteristics of the units 
in particular jobs. Outlines construc- 
tion, methods of manufacture, and the 
various enclosures available. 


(T-10) ELECTRIC MOTORS — The 
Emerson Electric Mfg. Co, Bulletin 
X7332, 8 pp. Has illustrations and 
complete specifications on a line of 
fractional hp and integral hp motors. 
Shown fhp motors are: split-phase; 
capacitor-start; washing machine; 
blower; oil burner; jet pump; fan 
duty; and hermetic. Under integral-hp 
are shown: repulsion-start; capacitor; 
| polyphase; d-c; and hermetic. 
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IIA zs 


IMPERIAL 


UNIVERSAL 
AND D.C. 
MOTORS 


1/45 to 1/30 HP. 1/40 to 1/12 H.P. 


1/75 to 1/20 HP. 


1/15 to 1/8 HP. 1/40 to 1/20 HP. 1/16 to 1/8 H.P. 


THE MOST COMPLETE LINE OF 


100 


1/12 to 1/6 HP. 1/50 to 1/13 H.P. 1/35 to 1/10 H.P. 


88 


1/200 to 1/75 H.P. 


#512 = 600 


eo 


1/20 to 1/10 H.P. 1/40 to 1/20 H.P: 1/8 to 1/2 H.P. 


FRACTIONAL HORSEPOWER MOTORS 


SHADED 
POLE E 
MOTORS 


1/2000 to 1/4500 H.P 1/200 to 1/80 H.P 


1/200 to 1/80 H.P 


73000 GEAR MOTOR 


1/200 to 1/80 H.P. 1/30 to 1/70 H.P. OUTPUT 120 IN.-18. 


IN THE ENTIRE INDUSTNRY... 


INDUCTION 
MOTORS 


1/25 to 1/15 H.P. 1/15 to 1/8'8.P, 


1/300 to 1/1400 H.P. — 1/100 to 1/15 H.P. 1/25 to 1/4 H.P 


HOWARD 


Universal and Direct Current Motors 1/1000 to 1/2 H.P. 
@ Shaded Pole Motors 1/2000 to 1/8 H.P. 

€ Induction Motors 1/1400 to 1/4 H.P. 

* Dynamotors * Blowers * Gear Motors 


The motors illustrated on this page represent the versatility 
of Howard fractional H.P. motors. Catalog pages are 
available on all motors illustrated as well as gear 

units, mounting bases and blowers. 


If you have a fractional H.P. motor application, check with 
Howard. Our engineering department will be glad to 


SALES OFFICES: 208 S. La Salle St 


Chicago 4 -+ 942 S. La Brea Ave 


cooperate with you in selecting the right motor 
for your application. 


Howard motors have been used in more thaa 85,000 
applications over the past 20 years by the leading 
companies of America. 


DEPT. PEH +» HOWARD INDUSTRIES, INC.+ RACINE, WIS 


HOWARD 


, Los Angeles 36 « Room 4822, Empire State Bidg., New York | 


DIVISIONS: no) ELECTRIC MOTOR CORPORATION CYCLOHM MOTOR CORPORATION RACINE ELECTRIC PRODUCTS 
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LOW COST e SMALL 


INDUCTION MOTOR 
WITH HIGH OUTPUT 


for applications where cost is a factor 


A pecie designed, small, shaded 
pole, 2-pole motor with special fea- 
tures to give good efficiency and 
high output—for Continuous or 
Intermittent Duty. 


Fans—8" incl. 
Heaters 

Phonographs 

Pumps 

Photo Copying Machine 
Battery Chargers 
Appliances 

Movie Slide Projectors 
Vending Machines 
Hair Dryers 

Control Devices 


HAS A WIDE RANGE 
OF CARBURETOR TYPES 


Core stack com be changed for 
various H. P. ratings. Roting can 
be increased for intermittent duty 
per duty cycle. 


Self-aligning oilite bearings with 
6 to 220 volts 50 to 60 cycles; felt retainer—dimensions 23$x3x2 
1/500 to 1/30 H.P.; 1200 to inches. 
3400 R.P.M. in ?& to lV2 inch 
stacks 





€ Send your specifications and 
requirements 


UNITED PRESSED PRODUCTS CO. 


741 W. Harrison Street, Chicago 7, Ill. 
Phone — MOnroe 6-2360 


TO FIT A WIDE RANGE 


This HANDBOOK 
OF APPLICATIONS! 
m a Supplements 


carburetor? Perhaps Zenith* has the answer to 
your problem. For more than 35 years Zenith 


has been designing and building carburetors for 

every type of engine—ranging from single PREV 

cylinder lightweights to the most rugged and 
powerful of gasoline engines. The chances are 


you can use a unit Zenith is now making and avoid 


the cost of a specially designed carburetor. | This 1955 edition of the Annual HAND- 


On the other hand, if your carburetor require- BOOK of Product Design adds to the con- 
ments are highly specialized, Zenith’s engineer- 
ing experience will prove invaluable in solving stantly useful library of design engineering 
questions of placement, efficiency and economy of š PAR. 
operation. Just remember, whatever your carbu- || data begun with the publication of our two 
retor problem, it will pay you to look to Zenith 


° T a z 2 ac 
TNR ^ peto ges — previous HANDBOOK issues. 


ZENITH CARBURETOR | Each new edition does not replace previous 


DIVISION OF Bendix || ones, but supplements them by bringing 


AVIATION CORPORATION 





your fund of design engineering data right 
696 Hart Avenue, Detroit 14, Michigan 


MANUFACTURERS OF FINE CARBURETORS AND FUEL FILTERS up to date. 
Export Sales: Bendix International Division, 205 East 42nd Street, New York 17, N. Y. 
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O INCREASE PRODUCTION 
@ REDUCE REJECTS 
€) INCREASE QUALITY 


Today's high material and 
labor costs, plus the keenest 
competition, demand the best 

precision control. Through years 

of experience in the timing field, 

POLYFLEX Eagle has developed an individual timer 
to meet your production problems. Take 

advantage of Eagle's engineering 

department. Let them suggest the 

right answer to get greater 

profit from your production. 

Write today. 


MULTI-FLEX 


FOR ANY SIZE INDUSTRY C 


— — 
— — 


1 


Write for FREE BOOKLET 
"See What Timing Can Do For You" 
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FORD 
INSTRUMENT 


COMPONENTS 


Ford Instrument Company makes 
the finest precision instruments 
and mechanisms for industry and 
the armed forces. 





FORD MECHANICAL DIFFERENTIALS 
with single spider gear —available in 
3/16,” 1/4" and 5/16" shaft diameters 
—high accuracy, low friction. 





FORD TELESYN UNITS are available in 


wide selection of sizes—proved preci. 
sion accuracy, corrosion and fungus 
resistance mean better synchros when 
you specify Telesyn. 





FORD SERVO MOTORS (60 and 400 
cycles) for extremely low inertia and 
high frequency response. 1/5; 15; 115; 
215; 5; 10-watt models in both low 
and high voltage, including magnetic 
amplifier controlled types. 





FORD ELECTRICAL RESOLVERS avail- 
able in sizes 23 and 31~—interchange- 
ability, temperature compensation 
—60°F to +160°F, highest accuracy, 
adaptability, 400 cycle frequency. 


We have or are preparing literature on 
various components which Ford Instru- 
ment Company makes. Perhaps you 
would want to write in for some of our 
brochures on the instruments above or: 
Mechanical Integrators 
Magnetic Clutches and Brakes 
Precision Cams * Rate Generators 
29 


— 


FORD INSTRUMENT COMPANY 


Division of The Sperry Corporation 
31-10 Thomson Ave. 
Long island City 1, N. Y. 
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Catalogs and Bulletins 


(T-11) DIESEL ENGINE DEVELOP- 
MENTS— Worthington Corp., Bulle- 
tin S-500-B55, 14 pp. Titled, "New 
Developments in Oil Diesel, Dual Fuel 
Diesel, and High Compression Spark 
Ignition Engines", it describes and 
illustrates up-to-date features of mod- 
ern, heavy duty internal combustion 
engines. Includes a heat balance chart, 
and fuel cost chart to aid in engine 
selection. 


(T-12) GENERAL PURPOSE 
STARTERS—Allis-Chalmers Mfg. Co., 
Bulletin 14 B 7733, 4 pp. Information 
on selecting the right starter for 
squirrel-cage induction motors rated 
up to 600 hp at 600 V or less. Tells 
how to select the proper type starter, 
enclosure and operating arrangement. 
Also has explanation of 2 or 3-wire 
control, and hints on the selection of 
heater elements for overload relays. 


(T-13) SMALL 2-CYCLE ENGINES 
—Power Products Corp., Bulletin, 20 
pp. Titled, “The Application of the 
Small 2-cycle Engine to Power Equip- 
ment,” it includes 22 illustrations de- 
scribing application, principles of op- 
eration and engineering and mechan- 
ical features of 2-cycle engines. Has 
many cross-section and detailed views. 


(T-14) SERIES MOTOR PARTS— 
General Electric Co., Bulletin GET- 
2297, 12 pp. Completely illustrated 
with charts, curves, cutaway views, 
formulas, and diagrams, it contains 
selection and application data on series 
motor parts for built-in applications. 
Also discusses ventilation, brush life, 
armature balance, and backlash. 


(T-15) MOTOR-GENERATOR REF- 
ERENCE BOOKLET — Allis-Chal- 
mers Mfg. Co., Booklet 51R7933, 50 
pp. Assists in the selection of motive 
power to handle most industrial appli- 
cations. Has illustrations of various 
types, wiring diagrams, and engineer- 
ing data on each type. Covers d-c mo- 
tors; d-c generators; induction motors; 
all types of motor-generator sets; syn- 
chronous motors; and data on motors 
in general. 


(T-16) A-C MOTORS—The Howell 
Electric Motors Co., Catalog, 12 pp. 
Has motor performance data, electri- 
cal and mechanical characteristics, con- 
struction features, and applications. 
Shows types of mountings, and various 
auxiliaries. Motors from 1⁄4 to 500 hp. 






continued 


(T-17) AUTOMOTIVE ELECTRIC 
EQUIPMENT — Westinghouse Elec- 
tric Corp, Booklet B-5651, 36 pp. 
Discusses the characteristics of motors, 
controls, packaged drives, dynamom- 
eters, and other types of electrical 
apparatus. Each type of equipment is 
appraised in relation to its place in 
the production line. Design and test 
procedures are also described. 


(T-18) DYNAMOMETERS — Eaton 
Mfg. Co., Bulletin DB-1, 16 pp. De- 
tail on a complete line of liquid- 
cooled, absorption, motoring, univer- 
sal and special-purpose dynamometers. 
Data pertain to construction of equip- 
ment, accessories and controls. Typical 
installations are detailed. Has many 
illustrations, engineering drawings, 
graphs and tables. 


(T-19) MOTORS, GENERATORS— 
Century Electric Co., Catalog, 150 pp. 
Has all characteristics including hp, 
range, torque, starting current, con- 
trol required, overload protection, en- 
closures, type of load, and other data 
on: selective speed drives; capacitor— 
single phase—induction motors; fhp 
motors; oil burner motors; squirrel 
cage, polyphase, induction motors; 
totally enclosed fan cooled motors; 
and other types. Has many illustra- 
tions throughout the catalog. 


(T-20) MOTOR APPLICATION— 
The Louis Allis Co., Catalog, 24 pp. 
Having many illustrations and charts, 
it contains composite information and 
selection charts for all types of motors 
and illustrates typical applications of 
the various types of rotors. Has elec- 
trical selections chart for a-c and d-c 
motors; gearmotor selection; adjust- 
able speed selection chart; and data 
on special motors. 


(T-21) A-C MOTOR FRAME 
CHART — Westinghouse Electric 
Corp. Chart DC-463, 1 pp. A chart 
measuring 17 by 24 in. with data on 
a-c motor frame selection from 1 to 30 
hp. Shows comparison between old 
and new NEMA standard dimensions. 
Covers: polyphase squirrel-cage mo- 
tors, designs A,B,C-general purpose, 
foot-mounted open type, 60 cycles, 
550 v and less. Also, polyphase 
wound-rotor motors, 60 cycles, 550 v 
and less; single-phase motors, 115 and 
230 v; and single-phase and polyphase 
flange-mounted, type D, 60 cycle, 550 
v and less. 
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Catalogs and Bulletins continued 


(T-22) ELECTRIC ACTUATORS— 
AiResearch Mfg. Co. Catalog, 64 pp. 
Outlines the applications and specifica- 
tions of 20 basic types of linear and 
rotary actuators, power units, jacks, 
gear boxes. Illustrated with photo- 
graphs, charts and engineering draw- 
ings, the booklet is designed to help 
potential users choose the model that 
will best suit their needs. 


(T-23) INDUSTRIAL CONTROL 
MOTORS — Minneapolis-Honeywell 
Regulator Co. Catalog 8203, 16 pp. 
Covers the complete line of industrial 
control motors and industrial motor- 
ized valves. Included are specifications 
and information for the use of indus- 
trial control motors with globe, ad- 
justable port, butterfly valves, or com- 
binations. Each specific unit is illus- 
trated and complete engineering data 
are included. 


(T-24) INTEGRAL-HORSEPOWER 
MOTORS—Newman Industries, Inc. 
Catalog, 20 pp. Has specifications, il- 
lustrations and dimensions of a line of 
totally enclosed, fan cooled, squirrel 
cage motors up to 30 hp; and drip 
proof, wound rotor and squirrel cage 
motors up to 125 hp. 


(T-25) AIRCRAFT ELECTRIC MO- 
TORS—U. S. Electrical Motors, Inc., 
Bulletin 1535, 8 pp. Data on a range 
of motors from %0 to 16 hp. Motors 
described are the high frequency induc- 
tion type 3-phase a-c used for controls 
in aircraft components. Many models 
include built-in gearing and brakes 
and in explosion-proof housings. 


(T-26) SINGLE AND POLYPHASE 
MOTORS — Brook Motor Corp. 
Booklet 1253, 6 pp. Describes a line 
of alternating current motors available 
in two principle classifications; single- 
phase capacitor type, and polyphase 
squirrel cage motors. Each of these 
groups include the four major types: 
open drip-proof motors; splashproof 
motors; totally enclosed non-ventilated 
motors; and totally-enclosed exter- 
nally fan-cooled motors. A complete 
listing of standard and special types 
is shown in a selection guide which 
contains electrical features and me- 
chanical features. A large cut-away 
view shows the important construction 
features of this inclusive line of alter- 
nating current motors. 


DIESEL =, 
Nordberg POWER CHIEF 
Diesels are compact, heavy 
duty units of 44%" bore x 544" 
stroke, built in 1, 2 and 3- 
cylinder models. Available as 
power units in sizes from 10 
to 45 hp, with stub shaft or 
clutch power take-off; and as 
generator sets from 6 to 30 kw. 
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à SPARK-FIRED 
, GAS 
Nordberg POWER CHIEF 
Gas Engines provide up to 18 
hp, stub shaft or clutch power 
take-off; and up to 10 kw as 
"packaged" generator sets. 
Presently available only as sin- 


gle cylinder, 415"x514" units. 


Nordberg POWER CHIEF engines are backed by over 60 years’ 
experience in the design and construction of heavy duty machinery 
for the world’s industries. Clip the coupon for full details. 


NORDBERG MFG. CO, Milwaukee, Wisconsin 
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Nordberg Mfg. Co., Milwaukee, Wis. 
Please send full details on the new Nordberg POWER CHIEF PRE 


MAIL 
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[] Gas Engines 


(Check one or both) 
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NEW BOOKS 


Electrical and Electronic Components 


Radiation Designers Handbook 
edited by F. Langford-Smitb. 5V5 x 
834 im., 1,522 pp. Reproduced and 
distributed by RCA Victor Div., 
Radio Corp. of America, Harrison, 


N. J. $7. 


A comprehensive, self-explanatory 
reference handbook for the benefit of 
all who have an interest in the design 
and application of radio receivers or 
audio amplifiers. Everything outside 
this field—television, radio transmis- 
sion, radar, industrial electronics, test 
equipment, and so on—has been ex- 
cluded to limit the book to a reason- 
able size. 

An effort has been made to produce 
a handbook which, in its own sphere, 
is as self-contained as possible. Exten- 
sive references to other sources of in- 
formation have been included for the 
reader who might require additional 
detail. 

Although the various chapters have 
been written by individual authors, all 
are truly the result of team work, each 
having been carefully and critically ex- 
amined by several other engineers spe- 
cializing in that particular field. In 
this way the accuracy of mathematical 
calculations and of individual state- 
ments was checked and re-checked to 
ensure that the reader would not be 
misguided when using the data given 


ASTM Standards on Electrical In- 
sulating Materials. 6 x 9 in., 590 pp. 
Published by the American Society 
for Testing Materials, 1916 Race St., 
Phila. 3, Pa. $5.25. 


This 1953 edition contains in their 
latest approved form, 75 widely used 
ASTM Standards, including 56 test 
methods; 16 specifications; 2 recom- 
mended practices—one for. the pur- 
chase of unihibited mineral oil for 
use in transformers and in oil circuit 
breakers, the other for maintaining 
constant relative humidity by means of 
aqueous solutions; and a list of defi- 
nitions with procedures relating to 
conditions and weathering. 

Standards cover 


H72 


insulating shellac 


and varnish; plates, sheets, tubes, rods, 
and molded materials; mineral oils 
for electrical insulation; ceramic prod- 
ucts (glass, porcelain, steatite); solid 
filling and treating compounds; in- 
sulating fabrics; iasulating papers; 
mica products; electrical tests; servicing 
units and conditioning methods; plas- 
tics for electrical insulation; rubber 
tape and electrical protective equip- 
ment; textile materials for electrical 
insulation; and general test methods. 

Appendices cover significance of 
tests of electrical insulating materials, 
and proposed recommendations for 
writing statements as to the usefulness 
of tests of electrical insulating mate- 
rials. 

An important innovation is the use 
of Bible paper which provides a sub- 
stantial reduction in the bulk of the 
book thereby assuring a compact vol- 
ume of convenient size. An easily 
usable table of contents is included 
(by subject and ASTM serial desig- 


nation), and an extensive index. 


Introduction to Electric Fields by 
Walter E. Rogers, Assoc. Prof. of 
Electrical Engrg., University of 
Washington. 6 x 9 im. 333 pp. 
Published by McGraw-Hill Book 
Co., Inc., 330 West 42 St., New 
York 36, N. Y. $7.50. 


book serves two purposes: 
first, it presents Maxwell’s equations 
as a logical summary of some truly 
analytical experience in solving the 
problems of electric and magnetic 
fields by vector methods; and secondly, 
it provides an introduction to poten- 
tial theory and boundary-value prob- 
lems at a level substantial enough to 
form a foundation for the concept of 
vector potential. 

Treatment is at an intermediate level 

. above the basic type of text which 
does not use vector analysis, but at a 
lower mathematical level than com- 
prehensive texts. Basic concepts are 
treated in detail and are accompanied 
by physical interpretations. 

The book is well integrated and or- 
ganized, and carefully written as re- 


This 


gards symbols and notations. A. D. 
Moore's recently developed fluid-map- 
ping methods are used extensively as 
illustrations and as an aid to visualiza- 
tion. The authors new method of 
portraying potential contours on mem- 
brane analog is used in the same way. 

Specifically the chapters contain the 
following material: vector analysis, 
electrostatic fields from the viewpoint 
of Coulomb's Law, potential and po- 
tential gradient, the electric field in 
current-carrying electro- 
static fields from the viewpoint of 
Gauss's Law, the method of images, 
dielectrics and insulation, divergence 


conductors, 


‘and the equations of Poisson and 


LaPlace, the magnetostatic field, time- 
varying electric and magnetic fields. 


Engineering Electronics by George 
E. Happell and Wilfred M. Hessel- 
berth, Associate Professors of Elec- 
trical Engineering, Purdue Univer- 
sity. 6 x 9 in., 508 pp. Published by 
McGraw-Hill Book Co., Inc., 330 
West 42 St., New York 36, N. Y. 
$7.50. 


Material included covers an elemen- 
tary approach to the physics of vacuum 
tubes, and the characteristics of diodes, 
triodes, and other types of multigrid 
vacuum tubes. Following this are con- 
cepts important in vacuum-tube-circuit 
analysis, and detailed studies in voltage 
amplifiers, a-f and tuned-load power 
amplifiers, feedback amplifier, oscilla- 
tors and modulation and detection 
theory and devices. The book also cov- 
ers conduction through gases, high 
vacuum and gaseous rectifiers, photo- 
electric cells, solid-state electronics and 
reactance amplifiers. 

The text stresses: linear equivalent; 
circuit theorem; graphical analyses; 
determination of proper operating con- 
ditions; use of tube manuals; deriva- 
tions where practical; and practical ex- 
amples. Additional information in- 
cludes: graphic treatment of cathode 
followers; solid-state electronics, reac- 
tance amplifiers; cathode bypassing; 
and material on elementary feedback 
amplifiers and their applications. 
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From ELECTRONICS 


Fig. 1 — Roughness 
gage has five rough- 
ness ranges and three 
cutoff frequencies. 





Pickup stylus coupled to movable plate 
of transducer tube measures roughness 
on a wide range of surface shapes. 
High electrical output of tube 

reduces complexity of amplifying 


and indicating circuits. 


Movable-Anode Tube 
Gages Surface Roughness 


JOSEPH B. BIDWELL 


Research Laboratories Division 


General Motors Corporation 


MEASUREMENT OF ROUGHNESS re- 
quires a means of comparing minute 
surface deviations with the nominal 
surface of the material being measured. 
In the unit shown, in Fig. 2, a pickup 
head incorporating a movable-anode 
tube and a diamond stylus is used to 
measure such deviations. The movable- 
anode tube feeds a highly stable vacu- 
um-tube voltmeter through a two-stage 
triode amplifier. 
STYLUS. Ás a means of sensing the ir- 
regularities, a diamond stylus with a 
0.0005 in. tip radius is used. This 
stylus radius permits greatest penetra- 
ton of fine irregularities without 
scratching the surface being measured. 
The reference surface from which 
stylus deflections are measured is estab- 
lished by two large radius skids ar- 
ranged in line with and at either side 
of the stylus. These skids ride over 
fine scratches following the nominal 
surface contour. The skids are mount- 
ed on a tubular case that houses the 
pickup element. A transducer is at- 
tached to the housing and the stylus is 


I2 





fastened to its input thus producing a 
mechanical displacement that is the de- 
viation of the actual surface from the 
nominal. 
PicKUP. The arrangement of parts in 
the pickup head is shown in Fig. 3. 
Mechanical displacement is converted 
into electrical signal by an RCA 5734 
electro-mechanical transducer. This de- 
vice is a three element, all metal vacu- 
um tube constructed as shown in Fig. 
4. The plate rod can be moved with 
respect to other tube elements by an 
extension through a thin metal dia- 
phragm that seals one end of the tube. 
This relative motion changes the tube 
characteristics so that variation of out- 
put voltage can be used to indicate 
mechanical displacements. Average me- 
chanical-electrical conversion character- 
istics for a circuit having a 75,000 ohm 
load resistance and a 250 volt plate 
supply are shown in Fig. 5. The rela- 
tion between displacement and voltage 
is not linear and the electrical output 
for a given dynamic displacement 
range is greater if the mean deflection 
is positive rather than negative. 
Several features miake this transduc- 
er useful for measuring surface rough- 
ness and other small displacements. It 
has a high ratio of electrical output to 


/ 
mechanical input, reducing the com- 
plexity of the indicating circuits. The 
size and weight of the tube are small 
and the force required to deflect the 
plate rod from its neutral position is 
moderate. The principal drawback is 
the limited allowable movement of the 
plate rod. Movement of more than 14 
deg either side of neutral may result 
in permanent deformation of the dia- 
phragm or in damage to tube elements. 
This angular restriction amounts to + 
0.008 in. movement on the end of a 
1 in. extension to the plate rod. 

To permit use of the pickup on a 
wide variety of surface Pm a total 
allowable stylus travel of about 0.040 
in. is provided. The need for this 
range of travel can be seen from Fig. 
6 (A), which shows the relative posi- 
tions of the stylus and skid on different 
surfaces. Although the nominal ex- 
tension of the stylus from the housing 
varies considerably, the motion re- 
quired after engagement with the sur- 
face ranges from only a few micro- 
inches to 0.001 in. The use of a long 
extension of the plate rod to provide 
for sufficient travel is undesirable since 
the sensitivity would be reduced and 
the high-frequency response of the as- 
sembly impaired. 
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c-Viscous coupler 
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Viscous CouPLING. The nonlinear re- 
sponse of the tube requires that some 
means be provided so that dynamic 
deflections always take place about its 
undeflected neutral position regardless 
of the nominal stylus position. 

A viscous coupling was developed 
to limit anode movement without re- 
stricting position of the stylus. The 
construction of this device is shown in 
Fig. 6 (B). A plate attached to the 
stylus is suspended within a U-shaped 
driven plate. Space between plates is 
filled with a viscous fluid. Displace- 
ment of the driving plate transmits 
force through the viscoüs material to 
the driven plate. The spacing of the 
plates is such that the fluid is kept in 
the clearance space by capillary attrac- 
tion eliminating the need for seals and 
permitting use of the coupling in any 
position without loss of fluid. It is 
essential that the material used be- 
tween the plates be a true liquid and 
not a grease, in order that the plate 
rod may always return to its neutral 
position. 

The viscous coupler performs in a 
manner analogous to an electrical filter. 
The force between the plates is pro- 
portional to their relative velocity. 


Where 


5 out = output displacement amplitude 
in = input displacement amplitude 

uw = absolute fluid viscosity 

A = total shear area of plates 

w = frequency of displacement 

C = spring rate of driven plates 

h = separation of plates 

k =pAw/Ch 


the movement of the elastically re- 
strained output plate for a sinusoidal 
displacement of the stylus can be shown 
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to be given by the following relation 
Sour = Sin [k/ V2 +1 | 


and the phase angle can be determined 


to be 
B = tan -11(1 /k) 


The performance of the coupler can 
then be described in terms of &. Fig. 7 
shows percent transmission and phase 
angle as a function of £. For values of 
Ë less than about 0.1, the coupler acts 
as a differentiator and the output is 
proportional to the derivative of the 
input. For values of & greater than 5, 
transmission is greater than 98 percent 
and the coupler serves essentially as a 
solid connection. 

As utilized in the surface roughness 
gage, the cutoff of the coupler is well 
below that of the amplifier so as not to 
influence the performance of the over- 
all instrument. The particular geometry 
and viscosity used in this pickup re- 
sults in & having a value of 5 at a 
frequency of 3 cps. 

Since & is affected by temperature, a 
silicone fluid having a small change in 
viscosity with temperature is used i 
the coupler. This is especially impor- 
tant in this pickup since the tube heat- 
er raises the ambient temperature of 
the coupler. 


Suspension System 


The stylus and driving vane mount- 
ing are shown in Fig. 2. A parallelo- 
gram spring suspension locates the 
stylus rigidly along the pickup axis 
eliminating the need for sliding bear- 
ings that might introduce friction. The 
driving plate is also located in its 
properly spaced relationship to the 
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Fig. 2—Cross section of pickup head 
with movable-anode tube and dia- 
mond stylus for measuring surface 
deviations in wide range of shapes. 


Fig. 3—Pickup head with cover re- 
moved to show arrangement and 
method of suspending its parts. 


Flexible 
diophragm 


Fig. 4—Type 5734 tube used as 


an electro-mechanical transducer. 


Output Voltoge Chonge in Volts 


Angular Displacement in Minutes 


Fig. 5—Variation in movable-anode 
tube output voltage with displace- 
ment of anode is measure of the 
roughness of the surface finish. 
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Fig.7 
Fig. 7 — Characteristics of viscous 
coupler. For k less than 0.1, coupler 
acts as differentiator and the out- 
put varies with derivative of input. 
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Convex Surface 
(A) 


Fig. 6—(A) Range of surface 
contours requires variable stylus 
position, (B) Viscous coupling 
permits variation of stylus posi- 
tion while limiting the travel of 
plate rod, Space between plates 
is filled with viscous fluid. 


Fig. 8—Circuit of surface rough- K*X1,000 


ness gage. Signal from movable- 
anode tube 5734, mounted in 
probe, is measured by a-c vacuum 
tube voltmeter. Meter is of the 
rectifier type to permit easy 


reading of average current. 


Iriven plate by these spring supports. 
Positive stops on the plate rod prevent 
mechanical displacements that would 
damage the tube 

As the stylus is deflected when the 
pickup first engages a surface, the plate 
rod is restrained by the stop screw and 
the coupling slips ‘until the riders con- 
tact the surface. The elastic force of 
the tube diaphragm then causes addi- 
tional slip in the coupling bringing the 
plate rod to its neutral position. Trav- 
ersing the pickup over the surface, the 
high-frequency displacements of the 
stylus are transmitted undiminished 
through the coupling to the transducer 
tube 

The static force of the stylus on the 
surface is reduced since it is determined 
by the stylus suspension, which has a 
spring rate of only 30 milligrams per 
0.001-in. deflection as compared to 300 


l4 


milligrams per 0.001 in. for the tube 
diaphragm itself with a one inch ex- 
tension. 


Measuring Circuit 


The electronic circuit used with the 
pickup is shown schematically in Fig. 
8. It is essentially a stable a-c vacuum 
tube voltmeter with provision for se- 
lecting low frequency response char- 
acteristics. A three position switch al- 
lows a choice of 5, 15, or 50 cps cutoff 
frequency by switching a single R-C 
filter circuit. This provision permits 
separation of short wavelength rough- 
ness from the longer-wavelength char- 
acteristics of the surface. These corre- 
spond to wavelength cutoffs of 0.030, 
0.010, and 0.003 in. respectively at 
the recommended traversing speed of 
0.150 in. per second. The most gen- 
erally used wavelength cutoff is 0.030 


in. Shorter wavelengths are called 
roughness and longer are called wavi- 
ness. 

The remainder of the circuit con 
sists of two triode amplifier stages and 
a bridge output. Negative feedback is 
used to stabilize the gain. The power 
supply is well filtered and voltage 
stabilized to permit operation from a-c 
lines varying widely in voltage. The 
meter is a rectifier type with relatively 
long period and large damping to per- 
mit easier reading of average current. 
This is necessary since the input is not 
periodic but consists of a series of ir- 
regular fluctuations that may occur at 
relatively low frequency. 

The several features incorporated in 
the transducer described facilitate its 
usefulness in the measurement of many 
types of surface roughness as well as 
of small mechanical displacements. 
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Fig. l—Arma Panel Pictorial 
Computer; this unit is a situation 
display for aircraft navigation. 


From Control Engineering 


A-C versus 


Analog Computin 


GARETH M. DAVIDSON 


Engineer, The Arma Corporation 


PRESENT-DAY COMPUTING and control 
systems are either of an analog or digi- 
tal nature. In an analog system, the 
variables under consideration are gen- 
erally characterized by a continuous 
variation of some physical quantity 
such as voltage, shaft rotation, or fluid 
pressure. Computers of this type may 
be put into one of two classes « epend- 
ing on whether the variable is repre 
sented by the instantaneous or d.c 
value of the quantity or by the modu- 
lation of some steady-state carrier fre- 
quency. 

To distinguish clearly between these 
d-c and a-c carrier-type systems, certain 
basic theoretical features of each must 
be considered. 


D-C SystEMS. Magnitude of the vari- 
able is represented by the instantane- 
ous value of the analog quantity. All 
existing mechanical computers are of 
this type. Distinguishing features are: 

1. Only amplitude can be modu- 
lated. 


2. Frequency response of the com- 


puter, in general, is similar to that of 
a low-pass filter. The system must pass 
the highest frequency contained in the 
input signal. The pass band is limited 
ser by components and rise. 
Dynamic response can be deduced 


directly from system transfer function. 


A-C Systems. Information is 
sented in the form of a modulated 
carrier. In practice, analog quantities 
of this type are in the form of electri- 
cal voltages or currents. Distinguishing 
features of a-c systems are: 

1. Three types of modulation are 
possible, Fig. 2, namely: Amplitude 
modulation, which is most commonly 
used; phase modulation, which is 


always accompanied by a resulting 
t requency modulation (instantaneous 


frequency is the time rate of change 
of phase); and frequency modulation. 

Frequency response is similar to 
that of bandpass filters. Wider band- 
width is required in phase modulation 
and frequency sudeldion systems. 
Actual frequencies that must be passed 
by the system depend both on the 
carrier frequency and the frequencies 
contained in the envelope. For ampli- 


repre 
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tude modulation, a general rule is that 
the frequency of the modulation en 
velope should not exceed about ten 
percent of the carrier frequency if the 
information is to be adequately pre 
served. Hence, the maximum pass band 
permitted depends not only on the 
components and the amount of noise 
present but also on how high a carrier 
frequency is used. 

3. Prediction of dynamic response at 
modulation frequencies from proper- 
ties at frequencies around the carrier 
may be somewhat difficult: particu- 
larly when the frequency response is 
not symmetrical about the carrier. 

In addition to these theoretical 
characteristics, a number of practical 
factors, Table I, are also inherent in 
each of the systems. 


Specific Computing Operations 


Important differences also exist be- 
tween the systems with respect to 
performance of mathematical opera- 
tions. The first of these to be con- 
sidered is the process of addition. 


ADDITION. Series addition is usually 
not feasible in d-c systems because of 
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Fig. 2—Three types of modulation employed for a-c carrier 
is most commonly 
Phase modulation is accompanied by frequency modulation. 


systems. Amplitude modulation 


isolation problems, but parallel addi- 
tion can be performed using either 
active or passive clements, Fig. 3. In 
the parallel circuit of Fig. 5 (A), 
which utilizes passive elements only, 
the accuracy depends directly on the 
stability of the components and the 
input source impedances. Loading of 
the output voltage Eg produces an ap- 
preciable error. Current is drawn from 
each input source and voltages E,, Es, 
Es, all interact with each other. This 
condition is sometimes undesirable. 
This system has a broad frequency 
response 

The circuit of Fig. 3 (B) has two 
important advantages over that of Fig. 
3 (A). Because point e is kept at or 
near ground potential by the amplifier, 
there is negligible interaction between 
the input sources. Also, it is possible 
to load the output voltage E, because 
of the low output impedance of the 
amplifier. However, accuracy still de- 
pends on the components R;, Re, Rs, 
and so on, and on the individual source 
impedances. Current is drawn from 
each source. Errors can result from 
drift of the d-c amplifier. This effect 
is frequently cut down through the use 
of chopper stabilization. Operation 
over a wide frequency band is general- 
ly possible. 

Parallel addition may also be used 
for an a-c carrier computer, Fig. á 
(A). Stray inductances and capacities 
in the feedback resistors, however, may 
cause errors, For this reason, capacitors 
are sometimes used instead of resistors. 
There is no amplifier drift problem, 
however, electrostatic and magnetic 
pickup of carrier frequency voltages 
may require the use of shielding. 

Series addition is achieved through 
the use of isolation transformers. Be- 
cause of the series connection, the cir- 
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cuit of Fig. 4 (B) can be operated 
with a very low current drain from the 
input sources. If the transformers were 
ideal, the current drain would be zero. 

In practice, several sources of error 
are present. The phase shift of each 
transformer must be either standard- 
ized or minimized. The transmission 
ratio of a transformer may change with 
voltage level as a result of non-lineari- 
ties of the core material. The frequency 
response of the transformer must also 
be considered. Loading errors can be 
caused by stray capacities to ground 
if source impedances are appreciable; 
this factor serves to limit the number 
of voltages that can be added in series 
with good accuracy. Capacity effects 
increase as the carrier frequency is 
raised, and the transformer may have 
to be shielded to reduce the effect of 
capacities to other parts of the circuit. 
The output voltage Eg can be located 
to an extent determined by the magni- 
tude of the source impedances. 


MULTIPLICATION AND DIVISION OF 
VOLTAGES. Nonlinear elements such as 
vacuum tubes, crystals, thyrite resistors, 
and thermistors, can be used in d-c 
systems and instantaneous type non- 
linear elements can be used without 
getting distortion. Nonlinear elements 
are usually temperature sensitive. Open- 
loop nonlinear multiplier circuits are 
almost always limited to a minimum 
error of about one percent over a rea- 
sonable operating range of inputs. This 
accuracy can sometimes be improved 
by using matched nonlinear elements 
in conjunction with an amplifier feed- 
back loop. The input and output impe- 
dances of the devices mentioned vary 
over a wide range. 

Servo mechanism type multipliers, 
Fig. 5, are capable of higher accuracy. 
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Fig. 3—Parallel addition circuits for d-c analog computer. 
—(A) Circuit that utilizes only 
Circuit that employs both active and passive elements. 


passive elements.—(B) 


The basic element is a potentiometer, 
the error of which can be held to as 
little as 0.01 percent. A servomecha- 
nism is required to convert one of the 
input voltages to a shaft rotation. Two 
tracking potentiometers are required. 
Time response is limited by the servo- 
mechanism. Life may be limited by po- 
tentiometer wear. 

Other devices such as those 
cathode ray tubes or variable pulse- 
width modulation, can also be em- 
ployed for d-c multiplication. These 
systems can be made accurate, but us 
ually accuracy is obtained by sacrificing 
simplicity of arrangement and opti- 
mum economy. 

In an a-c carrier system, nonlinear 
elements must have a sufficiently large 
time constant so that individual cycles 
of the carrier are not reproduced; 
otherwise distortion results. This re- 
striction usually limits the choice to 
mechanical or heat-sensitive transduc- 
ers. Examples: Thermal multiplier 
and strain-gage multiplier each using a 
feedback loop. The accuracy of these 
multipliers depends on the accuracy of 
matching two nonlinear elements. The 
time constant is reduced by the gain 
of the feedback loop. 

Servo mechanisms represent the most 
accurate a-c multiplier. Induction po- 
tentiometers can be used. The features 
are essentially the same as that of the 
d-c servo multiplier. However, pickup 
and extraneous quadrature voltages 
must be minimized. 

In an automatic volume control cir- 
cuit using variable mu tubes, tube 
characteristics must be matched. The 
minimum error is usually limited to 
about one or two percent. 

Saturable magnetic elements are also 
satisfactory for a-c multiplying circuits. 
These may be used in conjunction with 


using 


Product Engineering — 1955 Annual Handbook 


R i (Assuming infinite amplifier gain) 
4 


































































E 





E to š 
E C 
' E—ə a 


Eg = 4- tE C, + EoCo) (Assuming infiaite amplifier goin) 
Co 


Eo 






— 


Ll 
Pu] 


Fig. 4—Addition circuits for an a-c carrier computer. — 
which is achieved by isolation 
input 


(A) Parallel.—(B) Series, 
transformers; current drain from 
an amplifier feedback loop to obtain a 


limited accuracy. 


DIFFERE NTIATION, INTEGRATK )N, AND 
OTHER TRANSFER FUNCTIONS. A wide 
variety of transfer 
generated using R-C networks with or 
without feedback amplifiers, Fig. 6 
(A). Among the chief problems are 
amplifier drift in the integrator and 
noise output in the differentiator. Chop- 
per stabilization can be used to mini- 
mize drift. 

Tachometers in conjunction with 
servo loops can also be used for inte- 
gration and differentiation in d-c sys- 
tems. A tachometer produces an elec- 
trical output that is proportional to the 
velocity of its shaft rotation. Hence, it 
generates the derivative of the input 
shaft position. When the tachometer 
is connected in the feedback loop of a 
servo, the output shaft position is a 
direct function of the time integral of 
an input voltage. 

Brush wear in a d-c tachometer us- 
ually limits its life. Also, high accuracy 
is generally difficult to obtain, the min- 
imum error usually being of the order 
of 0.5 percent. 

For an a-c carrier computer, Fig. 6 
(B), the most accurate component for 
integrating or differentiating is an a-c 
induction generator or tachometer. 

Since a-c induction tachometers have 
no brushes, the wear problem is mini- 
mized. Errors as low as 0.1 percent 
have been obtained. But problems are 
encountered because of phase shift, 
temperature variations, changes in ex- 
citation voltage, and zero speed voltage 
output. Resonant circuits and bridge- 
type networks can be used. These cir- 
cuits have limited accuracy in general 
and are almost always sensitive to varia- 
tions in carrier frequency. Hence, their 


functions can be 


Eo = E; + Ear Ext Eq 


usefulness is restricted to low 


sources 





is low. 


applicat ions. 


FUNCTION 
methods are employed to generate both 
linear and nonlinear functions in d-c 


systems. For the linear function, 


GENERATORS. 








O = ongle of rotation 


o = Ey x kO 


Potentiometer = 


accuracy 


Several 


wire 


are available. 


Fig. 5—Basic servo mechanism multiplier and divider cir- 
cuit; the key element is the potentiometer. 
multiplying circuit is capable of a high degree of accuracy. 


This voltage 


wound potentiometers of good quality 
Linearity errors as little 
as 0.01 percent can be obtained with 
multi-turn units. For single-turn units 
with continuous rotation, the minimum 
error is about 0.1 percent. Brush noise 
and friction can usually be kept down 


Table I—Operating Characteristics of A-C and D-C Analog 


Computers 


D-C COMPUTERS 


Amplifiers are subject to drift due to the slow 
changes in characteristics of components. Drift 
shows up as noise in the output and reduces overall accuracy. 

Isolation of currents and voltages by transformer coupling is impos- 
sible. Thus, parallel addition becomes necessary unless isolated unground- 
ed sources are available. 

Impedance matching is more difficult since transformers cannot be 
used. 

Problems of harmonic distortion, phase shift and quadrature at the 
carrier frequency do not exist. 

Accurate integration and differentiation can be performed using rela- 
tively simple components. Hence high order differential and integral 
equations are more easily solved than with a-c analog computers. 

Transfer functions are much more easily synthesized with d-c net- 
works. 

No errors are present as a result of carrier frequency deviation. 


Amplifiers may be made extremely stable. How- 
ever, additional problems are created by the pick- 
up of stray voltages at carrier frequency. 

Use of transformers permits isolation of currents and voltages. Hence, 
series addition is made possible. 

By using transformers for impedance matching, a wide range of com- 
ponent impedances can be accommodated. 

Harmonic distortion, phase shift and quadrature at the carrier fre- 
quency are sources of error and noise. 

Integration and differentiation can be performed accurately only by 
electromechanical means. Electric circuit techniques are not too satis- 
factory. 

Electromechanical components operate better because the principle of 
variable magnetic coupling can be used. Output can be isolated from 
input. Use of high-input low-output impedance components are possible. 

Transfer functions are in general difficult to synthesize with networks. 

Carrier frequency deviations may be a source of error. 


A-C COMPUTERS 
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Fig. 6—(A) Resistance-capacitance circuits used in generating transfer func- 
tions, (B) For an a-c carrier computer, an a-c induction generator or tachometer 
is generally the most accurate component for integrating or differentiating. 


to a satisfactory value. For many ap- 
plications the life of a potentiometer is 
satisfactory. Cams with special con- 
tours may be used to drive linear poten- 
tiometers if a nonlinear function is 
required. A great variety of functions 
can be generated in this manner. 

Specially wound devices such as 
tapped potentiometers and irregular 
card forms can be used to generate 
such functions as sine, cosine, tangent, 
and logarithm. Components of this 
type are usually cumbersome and ex- 
pensive and hence are not widely used 
at present. 

Another method of generating non- 
linear functions makes use of ganged 
linear potentiometers used in conjunc- 
tion with one or more servo feedback 
loops. By changing the connections of 
the elements in the feedback loop, vari- 
ous powers and roots of the input can 
be produced. Although this method is 
somewhat expensive, it is capable of 
high accuracy. 

Practically all of the devices used for 
function generation in d-c computers 
can also be used in a-c carrier systems. 
In addition to these, there are the in- 
ductive-type elements such as the in- 
duction potentiometer and the resolver 
that offer several advantages, one of 
them being that the output is electrical- 
ly isolated from the input. The shape 
of the curve generated depends on the 
winding distribution. By using more 
than one input winding, vector addi- 


tion can be performed within the unit 
itself. 

Manufacture of a-c inductive com- 
ponents is generally cheaper than cor- 
responding components for d-c sys- 
tems, except for the linear unit. For 
high accuracies, a booster amplifier is 
usually required for impedance match- 
ing, elimination of phase shift errors, 
and correction of errors resulting from 
temperature and voltage variations. In 
this manner, errors as low as 0.05 per- 
cent can be obtained over a fairly wide 
operating range. The curves most com- 
monly generated by this method are 
the linear and sinusoidal, although 
other functions may be produced. 

Another type of a-c device is the 
toroidal potentiometer or variable auto- 
transformer, which permits very high 
ratios of input-to-output impedance. 
Also, the phase shift of the unloaded 
output voltage is theoretically zero. 
These features may eliminate the need 
for a booster amplifier. 


Servomechanisms 


As previously noted, servomechan- 
isms are often a part of both a-c and 
d-c computing systems. In d-c comput- 
ers, a possible source of error is the 
drift of d-c servo amplifiers. Impedance 
mismatch of motor to output tubes 
of the amplifier cannot be corrected 
with a transformer. Also, any quiescent 
current of the output tubes must flow 
through the motor. 


There are a number of ways by 
which d-c servos can be damped. Prac- 
tical R-C lead networks can be de- 
signed for a wide range of servo 
natural frequencies. Integral control 
can also be inserted in the feedback 
loop by means of simple R-C networks. 
In addition, mechanical acceleration 
and velocity damps may also be used. 
For higher power servos, it may be de- 
sirable to use tachometer feedback for 
stabilization. 

In a-c systems, high-gain amplifiers 
can be used with absolute freedom 
from drift. The impedance of the mo- 
tor may be matched to that of the 
amplifier output tubes by means of an 
output transformer. If an induction 
motor is used, wear is minimized be- 
cause brushes or slip rings are absent. 

A quadrature reference must be sup- 
plied for the main field of a two phase 
motor. Because of lower torque output 
in a-c motors, a higher gear ratio may 
be required to drive the load. Quad- 
rature and pickup voltages at the input 
to the amplifier tend to saturate the 
amplifier and reduce dynamic per- 
formance. Phase shifts in the system 
may reduce the torque output of the 
motor, and cause an offset because of 
extraneous quadrature signals. Quad. 
rature rejectors are sometimes required. 
Harmonics in the system may cause 
similar troubles. Usually the overall 
noise level may be kept sufficiently low 
to avoid serious trouble. 

The dynamic performance of a-c 
servos depends somewhat on the car- 
rier frequency used. In general, the 
natural frequency should not be much 
higher than about one-tenth of the 
carrier frequency. 

If network damping is used, the per- 
formance is usually sensitive to carrier 
frequency deviations. This factor be- 
comes worse as the natural frequency 
of the servo is decreased. In addition, 
it is more difficult to design networks 
for integral control. When carrier fre- 
quency variations are excessive, it is 
often necessary to use mechanical ac- 
celeration or velocity damping. Tach- 
ometer feedback may also be used 
for stabilization. If carrier frequency 
changes are held within prescribed 
limits, good performance can be ob- 
tained with twin-T or L-C damping 
networks. 

Both d-c and a-c computing tech- 
niques may be combined in one instru- 
ment. In such event, a conversion may 
be made from one system to the other. 
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Fig. 1—(A) Typical selenium rectifier stack. Cell 
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Selenium Rectifiers 
for High Capacity Application 
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SELENIUM RECTIFIERS have superseded 
other types of rectifiers for most indus- 
trial applications because of the follow- 
ing characteristics: (1) Thirty volt per 
cell rating available in commercial 
units; (2) Light weight; fabricated on 
aluminum plates; (3) High tempera- 
ture operation does not cause excessive 
aging; (4) Good control of “starting 
material” in manufacture; (5) Will 
self-heal small shorts across the bar- 
rier layer. 

A comparison of properties of the 
various types of metallic rectifiers is 
shown in Table I. While the selenium 
rectifier is not superior in all applica- 
tion classifications, the several char- 
acteristics that have been cited make it 
most suitable for such applications as 
individual machine d-c supply, motor 


control, dust precipitation, and voltage 
and frequency regulation. 

Both magnesium-copper sulphide 
and selenium rectifiers are used in ap- 
plications such as battery charging and 
electric welding, depending on the re- 
quirements of the particular design. 
Devices such as railway signals and 
meters use copper oxide rectifiers since 
this type will retain its rectification ra- 
tio indefinitely under stand-by condi- 
tions, and the knee of the forward 
characteristic occurs at a low voltage. 
Selenium deforms during long idle 
periods and may take 60 cycles to com- 
pletely reform. 

The number of rectifier applications 
in general, and particularly of the 
selenium type, have been increased by 
the trend toward individual d-c power 
supplies for production machines and 
the use of magnetic amplifiers. 

While a-c induction motors are the 
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| ELECTRICAL AND ELECTRONIC COMPONENTS 
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bolted or soldered connections. Units are available 
either with or without mounting bracket. Insulating 
varnish coating protects unit against humid and mild- 
ly corrosive atmospheres around industrial locations. 


most satisfactory means of driving con- 
stant speed loads, d-c motors are su- 
perior for adjustable speed drives. 
Whether these motors are controlled 
by electronic speed regulators, arma- 
ture or field control, or magnetic am- 
plifiers, a source of direct current is 
required. In any circuit using magnetic 
amplifiers, rectifiers are required to 
obtain the self-saturating characteristic 
and prevent half-cycle demagnetization. 

Selenium rectifiers are commercially 
available in sizes that will handle up 
to 50 hp, 230 volt d-c motors. Larger 
capacities are considered special; with 
high horsepower motors using ignitron 
rectifiers instead of metallic. Special 
mechanical features can be obtained 
with selenium units to permit opera- 
tion under the unusual environmental 
conditions: for example, oil immersed 
rectifiers for dusty locations and high 
voltage operation. 


Electrical Characteristics 

A rectifier is a device for converting 
alternating current to pulsating direct 
current by suppressing the reverse flow 
of alternating current during each half 
cycle. Depending on the allowable d-c 
pulsation, type of a-c supply and load 
requirements, there are many basic cir- 
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cuits used with all types of rectifiers. 
The most common of these are shown 
in Fig. 2. Table II lists the ratio of 
current capacity for each circuit shown 
in Fig. 2 based on a capacity of one for 
the single-phase bridge connected cir- 
cult. 

In a similar manner, the ratio of 
supply a-c voltage to output d-c voltage 
also varies with the type of circuit so 
that input transformers are usually re- 
quired to obtain the desired output 
voltage for a given input voltage. For 
example, in a single-phase bridge an 
a-c input of 130 volts will yield ap- 
proximately 105 volts d-c output, while 
the same input to a three-phase bridge 
will give approximately 260 volts. 

Once the proper basic circuit ar- 
rangement has been determined, rec- 
tifier selection depends on such factors 
as load and duty cycle, parallel or series 
connection and Capacity, and tempera- 
ture limitations. 


LOAD AND DUTY CYCLE. Selenium rec- 
tifier size is determined in the same 
way as motor size. The power input 
to the load is approximated and a curve 
piotted if the load is intermittent. For 
constant loads under normal ambient 
conditions, the size of rectifier can be 
selected from a manufacturer's table of 
ratings. 

Overload in intermittent duty cycles 
is permitted in current but not in volt- 
age, therefore, sufficient cells must be 
used in series so that the peak voltage 
does not exceed the sum of the rated 
voltages of the individual cells. Inter- 
mittent current overloads are based on 
not exceeding a temperature rise of 
approximately 40 C. Fig. 3 shows al- 
lowable overload factors, based on the 
duration of the load for various lengths 


Table I—Relative Merits of Metallic 


Rectifiers 
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Note: Numbers indicate relative merit with nurn- 
ber 1 highest. 
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for power applications. 
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of off time. In certain applications, 
these ratings can be increased by forced 
cooling of the rectifier stack. 


PARALLEL OR SERIES CONNECTION. 
As stated previously, selenium cells are 
connected in series so that the peak 
voltage applied to a stack of cells does 
not exceed their total voltage rating. 
This is important since the rectifier 
passes current on only one-half cycle of 
a-c supply and must resist the reverse 
flow with ideally an infinite resistance 
on the other half cycle. Actual rectifiers 
do not have an infinite reverse resis- 
tance and allow a small leakage flow 








A-c supply Fig. 2 Bosic circuits for metallic rectifiers 
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(B) Three-phase bridge circuit using six half-wave stacks operating into a resistive 
load. Best rectifier cireuit for power applications up to 50 hp, it supplies smooth 
Output d-e voltage almost equals a-c input voltage. 






in the reverse direction. This is ignored 
in most high power industrial applica- 
tions; however, a series of cells must be 
able to withstand full a-c potential on 


alternate 
down. 

If. possible, parallel connections are 
avoided since it is more economical to 
go to larger cells than to use additional 
cells in parallel. However, where the 
required current is greater than the 
current carrying capacity of the largest 
available cell, parallel connections must 
be used. As shown in Fig. 4, to parallel 
rectifiers, complete basic circuits are 


paralleled. 


half cycles without breaking 
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TEMPERATURE LIMITATIONS. Temper- 
ature limits are closely associated with 
load and duty cycle since rectifiers are 
thermally rated devices. When oper- 
ated within their rating and at tem- 
peratures below 35 C (95 F), seleni- 
um rectifiers have good life and 
efficiency characteristics and do not 
exhibit excessive aging. Operation 
under higher ambient conditions or 
under heavy overload conditions can 
cause damage and excessive aging. Nor- 
mally, as indicated in Fig. 5 (A), 
when high ambient temperatures are 
expected, the current rating or seleni- 


um rectifiers is decreased. 


Fig. 3 (Left) —Allowable ov- 
erload factors for selenium 
rectifiers. Curve is based on 
a-c interruption during off pe- 
riod so that unit is not oper- 
ated on open circuit. Rectifier 
current capacity for specific 
duty cycle is determined by 
multiplying the abscissa by 
the nominal rectifier rating in 
amperes. 


Fig. 4 (Right) —Parallel con- 

nection of two single-phase 
rectifier bridges. Because of 

the relatively high cost, this 
arrangement of rectifier cir- 

cuits is only used when cur- A-C 
rent requirements cannot be =supp/y 
handled by the largest avail- 

able cell. 


| ELECTRICAL AND ELECTRONIC COMPONENTS 
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sistive load. Normally used with high capacity 
ignitron rectifiers; however, selenium rectifiers 
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(D) Double-wye cireuit operating into resistive 


load. Applications are similar to those of six- 


phase star connection. 


The forward resistance of selenium 
rectifiers also varies with temperature 
and to some extent with time (aging). 
This type rectifier has a negative tem- 
perature coefficient of resistance; that is 
the resistance decreases as temperature 
increases, Fig. 5 (B). Aging causes a 
slight increase in forward resistance 
with time. If the load is sensitive to 
voltage variation, an autotransformer 
may be required to maintain the exact 
d-c voltage over a long period of time; 
however, tests have shown a forward 
aging of only 10 to 15 percent after 
five years of continuous operation so 
that for most industrial applications 
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Table II—Current Multipliers for 
Rectifier Connections 


Refer to 
Fig. No 


Multi- 
T ype of connection plier 


Single-phase bridge..| 1.0* 2 
Three-phase bridge. LET 2 
Six-phase star 1.899 2 
Wye 1.33** 2 


Note: Taken from NEMA Standards for Metalli 
Rectifiers. 


*Working into resistive or inductor load. 


**Working into any type of load. 


no means of adjusting the a-c input 
is necessary. 

Since selenium rectifier cells consist 
of two conductors separated by a non- 
conductor, they have definite electro- 
static capacities. Although the impe- 
dance of this capacitance will vary 
somewhat with voltage and frequency, 
this characteristic is negligible at or- 
dinary commercial power frequencies. 

When selenium cells are discon- 
nected from the a-c supply for a con- 
siderable time, some degree of rectify- 
ing value is lost. It can take as long as 
60 cycles to restore them to normal 
when they are reconnected. This mo- 
mentary loss of impedance can be 
neglected in most industrial applica- 
tions; however, it can be important in 
control and signal devices where a 
fast time of response is required 

Selenium rectifiers are essentially 
high efficiency devices. A three-phase 
rectifier at constant voltage and from 


















50 to 200 percent of rated load will 
have an efficiency of over 80 percent. 
Also, since they offer primary resistive 
impedance, power factor is close to 
100 percent. 


Mechanical Considerations 


Mounting, cooling and protection 
from environmental conditions are the 
principal mechanical factors involved 
in selecting and applying selenium rec- 
tifiers. Physically, most selenium recti- 
fiers are similar to that shown in Fig. 1 
and are mounted with short metal 
brackets secured to the assembly bolt. 
NEMA has established standards to 
cover the size and shape of these 
mounting brackets as supplied by recti- 
fier manufacturers. Smaller rectifiers 
may be square in shape or sealed with 
pigtails, Fig. 6(B), while units for spe- 
cial applications can be any shape. 

Since the temperature of a rectifier 
directly affects its capacity, all units 
should be mounted to obtain maximum 
heat transfer. Forced cooling is often 
used, since blowing air across a rectifier 
permits operation at higher ratings 
than when cooling is accomplished by 
natural convection. 

For severe environmental conditions, 
the rectifier can be mounted in a metal 
can that is filled with oil and sealed. 
Although weight and size are increased, 
the oil immersed unit has the ad- 
vantage of increased thermal capacity. 


Applications 


Large and medium size selenium rec- 
tifiers have been put to such industrial 
uses as individual machine d-c supply, 
motor control, dust precipitation, bat- 
tery charging, welding, and voltage and 
frequency regulation. 

The two most important factors in 
the present day increase in the use of 
selenium rectifiers are the magnetic 
amplifier and the trend towards the use 
of d-c machines for adjustable speed 
drives and load control. Many times 
these two factors are combined where 
self-saturating magnetic amplifiers are 
the basic element in motor control cir- 
cuits. 

Rectifier motor applications can be 
classified as follows: 

1. To deliver d-c power to a motor; 
usually three phase. 

To deliver d-c power to motor 
control circuits; usually single phase. 

. To block a circuit and permit cur- 
rent flow in only one direction; for 
example, in a two-field reversible mo- 
tor, the rectifier de-energizes one field 
or the other depending on the direction 
of rotation. 

In the motor control circuit designed 
for constant load control shown in Fig. 
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7, a three-phase bridge rectifier supplies 
the main motor power, while control 
field power is supplied by a single 
phase bridge rectifier through a mag- 
netic amplifier. 

The control coil of the magnetic 
amplifier is connected across the inter- 
pole windings of the motor. Therefore, 
the voltage applied to the control coil 
is proportional to load current through 
the motor armature. If the motor load 
increases above a preset value, the am- 
plifier control coil current also in- 
creases. This tends to saturate the am- 
plifier core and reduce the impedance 
of the main amplifier coils. The a-c 
input to the rectifier RX1 increases and 
the motor control field is strengthened, 
reducing motor speed and load. A de- 
crease in motor load will have the op- 
posite effect, reducing field strength 
and increasing motor speed. Thus, the 
motor load is maintained constant at a 
value that is limited or determined by 
the setting of variable resistors R1 
and R2. 

Main motor power is supplied by 
the three-phase bridge RX1, because of 
the smooth output characteristic of this 
type rectifier as shown by the wave 
form in Fig. 2 (B). Circuit induction 
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Fig. 5 (Left)—(A) Reduction in 
selenium rectifier current carrying 
capacity for ambient temperatures 
above 35 C. This curve applies for 
continuous loads.—(B) Variation 
of forward resistance with tempera- 
ture. With negative resistance co- 


efficient, resistance decreases as 
rectifier temperature increases, 





will also tend to smooth out this wave 
form even more. 

The pulsating output of the single- 
phase bridge RX2 as shown by the 
wave form in Fig. 2 (A), is satisfac- 
tory for supply power to the control 
field since smooth output is not as im- 
portant in this application and the in- 
duction of the field circuit flattens out 
the current curve. 

The use of three-phase rectification 
for power and single-phase rectification 
for control is also demonstrated in a 
typical selenium rectifier battery 
charger with reactor (magnetic ampli- 
fier) control, Fig. 8. Basically this cir- 
cuit is similar to Fig. 7, since the two 
rectifier arrangements perform associ- 
ated functions. 

This circuit is designed for two-rate 
charging. Initially the control reactor 
saturation and load coil impedance is 
controlled by the high rate adjustment 
R3. The low rate adjustment is shorted- 
out by the normally closed charging 
rate relay VI. Just before the battery 
voltage reaches the excessive gassing 
point, the relay VI opens and the input 
to rectifier RX4 is reduced because of 
the increased resistance, R5 plus R4, in 
the single-phase supply line. This in 
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I ELECTRICAL AND ELECTRONIC COMPONENTS 


turn reduces reactor control coil current 
and the output of the battery charger. 
Variations of this basic circuit are 
typical of many industrial applications 
where rectified direct current is re- 
quired for power and control purposes. 
Where small amounts of direct current 
control power are required the single- 
phase rectifier can be used by itself, or 
where large amounts of direct current 
are required in constant power or 
manually controlled circuits, the three- 
phase rectifier is used. 
Power Another recent application of seleni- 
fronsformer um rectifiers is in industrial dust pre- 
cipitators. These units are special in 
that the rectifiers must operate in the 
voltage range from 35 to 75 KV with 
Fig.7 power capacities from 6 to 15 KW 
The high voltage rectifier, Fig. 9, is oil 
immersed to reduce insulation clear- 
ances, suppress the corona and to pre- 


vent dust and dirt clogging the unit 
€ : — as e Acknowledgements: The author thanks 
— M RAS S the engineers of the Westinghouse 
applications. Units in (A) are $0001 Electric Cor ti h ] 
Jectric Corporation for their guidance 
similar to larger industrial Magnetic . n P pes p 
models, while sealed units in —— E and generous assistance in the prepara- 
(B) are pigtail mounted in wT Rectifier tion of this article. 
low power electronic circuits. — RX2 
Stacks are bracket mounted. Control coil REFERENCES 


A 


NEMA Standards for Metallic Rectifiers, 
Publication No. MR1-1953 

Metallic Rectifier Design, Julian Loben 
stein, Radio Receptor Co., Inc 


Fig. 7 (Right)—Schematic diagram of constant load d-c motor 
with field control. Main motor power is supplied by three-phase 
bridge, RX1, and control field power by single-phase bridge, RX2. 
Note that single-phase power can be tapped from one phase of 
transformer secondary. 
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Fig. 8—Basic details of a reactor controlled two-rate battery Fig. 9—Dust precipitator rectifier unit with cover re- 
charger. Unit is similar to motor control circuit in that power moved. Individual rectifier stacks have been designed 
and control rectifiers are used and control is accomplished that will handle a load of 5KW at 70 KV. These are 
with a magnetic amplifier or control reactor. These features paralleled if precipitator requires higher output. Unit 
are common to many applications using selenium rectifiers. is oil filled after cover is secured and sealed. 
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From Control Engineering 


Ac 


Electro-Mechanical 


Position Transducers 


Mechanical and electrical character- 
istics of potentiometers, synchros, 
and differential transformers, the 
three devices commonly used to 
measure angular or linear position 


or displacement. 


L. GOLDSMITH 


Research and Development Division 
The W. L. Maxson Corporation 


OF THE MANY ELEMENTS that can 
be used to measure displacement or 
position, Table I, the potentiometer, 
the synchro, and the differential trans- 
former are most common. 

A potentiometer can be either a con- 
tinuous length of wire wound on a 
form, or some continuous resistance 
material arranged in circular, helical, 
or linear form, Fig. 1. The voltage out- 
put can be linear or some arbitrary 
trigonometric or nonlinear function of 
the input motion. 


LINEARITY. The percentage linearity 
of a potentiometer is usually expressed 
as the maximum deviation from the 
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best straight line drawn through the 
actual points of voltage on a voltage 
versus rotation graph, Fig. 2. This tol- 
erance, expressed in percent of total 
voltage on the potentiometer, is known 
as normal or independent linearity 
and defines potentiometer accuracy. 

In another accuracy definition called 
zero based linearity, the straight line 
originates at the origin of the graph. 
But potentiometer stops cannot be set 
with enough accuracy to make the 
zero mechanical position correspond 
to zero voltage output, and an inac- 
curacy is introduced if both points are 
assumed to correspond. The departure 
from electrical zero at this point, how- 
ever, is usually kept to about one-half 
of the independent linearity tolerance. 

Linearities of 0.05 percent can easily 
be obtained in multiturn linear poten- 
tiometers, with values of 0.025 to 
0.015 percent being possible. Single- 
turn linear potentiometers can be ob- 
tained with 0.1 percent accuracy, and 
nonlinear potentiometers with one 
percent accuracy. 


RESOLUTION AND TOTAL RESIST- 
ANCE. In an accurate plot of output 
versus wiper travel for wire wound 
potentiometers, the voltage will change 
in discrete steps. The size of this volt- 





f 
I 
l 


Minus linearity 
| folerance 


50 
Percent of total turn, O 


age step divided by the total potenti 
ometer voltage times 100 represents 
the resolution of the wire wound po- 
tentiometer 

This resolution is necessarily less 
than the percentage linearity and usu- 
ally corresponds to about one divided 
by two times the total number of 
turns. The resolution limits the maxi- 
mum accuracy. Therefore, the choice 
of total resistance of a potentiometer 
is important. The number of turns of 
a resistance element increases with 
higher resistance values and lowers the 
resolution. Deposited carbon potenti- 
ometers, introduced recently, avoid 
this problem. 


LOADING. If a linear potentiometer is 
loaded with a relatively low imped- 
ance, it will produce a nonlinear func- 
tion. The effect on accuracy of loading 
a potentiometer with a certain size 
resistor is given (Ref. by the for- 
mula: 


R potentiometer resistance, ohms 

L = load resistance, ohms 

0 = contact position in percent of tota 
rotation 


R (100 8) 
Percent Error 
10*L + Re(100 


If a potentiometer is loaded with 
resistor ten times its value, the maxi- 
mum error introduced, in addition to 
inherent inaccuracy, can reach 1.4 per- 
cent at a point close to ?4 full rota- 
tion. With a loading resistor of 100 
times its value, the potentiometer er- 
ror drops to 0.15 percent. 

An error of 0.15 percent is still ob- 
jectionable with a 0.05 percent device 
If the loading resistance cannot be in- 
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ELECTRICAL AND ELECTRONIC COMPONENTS 


Fig. l—Potentiometer arrangements 
for measuring displacements: — (A) 
Helical element for angular measure- 
ment; — (B) Single turn element for 
angular measurement; (C) Man- 
drel mounted element for rectilinear 
measurement. 


17. 86R 
9L+2R 
in terms of E' 


Mox error in e* percent, 


Fig. 2—Curve defining independent or 
normal linearity, which is the maxi- 
mum deviation from the best straight 
line drawn through the voltage points. 
Note that there is some voltage output 
at the zero mechanical position. 


Lcd svi amc, BI id orm cm eir 


iige s = 
x 50 (0.25-K) "—- 
Mox. error in ex ——— 


percent ‘where K 
(L/R+K)Xmox à 


is found from the chort. 


Fig. 3—Methods of reducing loading 
error when the potentiometer resist- 
ance cannot be reduced nor the load- 
ing resistance increased. (A) An 
upper end resistance is introduced in 
series with the element. (B) In 
addition, a lower end resistor is intro- 
duced in series with the element. — 
(C) Technique in which a negative 
resistance is introduced in the circuit. 


resistance feed 
omplifier 


what unorthodox scheme shown in 
Fig. 3 (C) can be used. In this scheme, 
a positive feedback amplifier is ad- 


creased further, the linearity of the 
combination can be improved four or 
five times by using an upper-end 
0.28R resistor in series with the po- 


equally loaded, both will be inaccurate 
as the result of loading in exactly the 
same way. Consequently, they should 


tentiometer as shown in Fig. 3 (A). 
If only part of the potentiomter range 
is utilized and if the ratio of the maxi- 
mum to the minimum voltage output 
is less than five to one, the percentage 
linearity can be improved further by 
the arrangement shown in Fig. 3 (B). 
In this arrangement a lower-end re- 
sistor is connected in series with the 
unit. 

If the reference input element and 
the feedback element are identical and 


track perfectly. 

To take full advantage of guaran- 
teed linearity, of course, a potentiom- 
eter should feed into a high impedance 
device, such as the grid of a Class A 
amplifier or cathode follower. This ar- 
rangement not only minimizes load- 
ing, but also decreases the effect on 
accuracy of voltage drops at slider and 
slip rings. 

When loading cannot be avoided 
and long term accuracy and economy 


justed to represent a negative resist- 
ance equal in magnitude to the posi- 
tive resistance represented by the 
loading circuit. 


QUADRATURE EFFECTS. In spite of all 
this care to obtain component linear- 
ity, other possibilities for trouble ex- 
ist. Like a transmission line, potenti- 
ometers have distributed inductance as 
well as capacity. Therefore, quadrature 
voltage in the output can be objec- 
tionable at frequencies of 400 cycles 


are not of prime importance, the some- ' ' ! l 
or higher, particularly with wire 
wound devices. 

Experience with 10 turn units at 
100 cps has shown that these effects 
do not deteriorate potentiometer ac- 
curacy, but the quadrature voltage at 
null can be high enough to saturate 
the amplifier circuits. 

It may be necessary to use phase 
sensitive networks in early amplifier 
stages to minimize the effect of quad- 
rature voltage; and when both refer- 
ence and feedback elements are poten- 
tiometers, they should be identical so 
that quadrature voltages will cancel 
out. 


Table I—Displacement Measuring Transducers 


Output 
Sensi- 
Device tivity 


Excitation Amplitude Range** 


Potentiometer Á - - To 14400 deg 
To +5 in 


High 


Differential transformer ó - To +12 deg 
To +2.5 in. 


Low 


Synchro 


Continuous High 


Movable element vacuum tube To +0.5 deg 


High 
To +0.01 in. 


Free gyro o (space reference) 


Crystal ihesa 


+180 deg High 


Self Generating +0.1 in. Low 


ENVIRONMENTAL (CONDITIONS. Po- 
tentiometers are usually rated in terms 
of a 40 C internal rise above a 40 C 
ambient. If the ambient is increased 
above 40 C, the potentiometer must 
be derated correspondingly. 

More precisely, the wattage rating 
specifies the current rating of the 
winding. Therefore, it places a limit 
on the safe continuous current that 
any part of the winding can carry, 


li5 


Convestron (gravity reference) 


Carbon button. 


+30 deg Medium 


0to0 01 in. 


Strein gage. 20 015 in 


Resistance spring 


Variable Capacitors 


+10 in. 
360 deg +0.01 in. 


Variable Inductors +20 deg +1.0 in. 


*A—Angular 


: **Values correspond to “motion measured” column. 
R—Rectilinear 


imum ranges; most units are made in lower ranges. 


Values are max- 
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Synchro generofor 


/ f A-c excitation 


Fig. 4—(A) Synchro system for reproducing angular posi- 
tion. — (B) Inverted synchro positioning servo. In this 
system, the unit runs on jewel bearings and has extremely 


even though the potentiometer is dis- 
sipating less than its rated wattage for 
the given ambient temperature. 


The Synchro 


A synchro is one of the most useful 
angular sensing devices since it is ca- 
pable of continuous and unlimited 
rotation. 

A typical synchro generator, or 
transmitter, feeding a synchro control 
transformer is shown in Fig. 4 (A). 
The rotor of the synchro generator is 
excited from some source of fixed a-c 
voltage. Voltages proportional to the 
cosines of the angles between the rotor 
axis and the stator coil axes are in- 
duced from the rotor of the stator 
windings. The axes of the stator wind- 
ings are 120 deg apart. 

The synchro control transformer and 
generator are similar in construction, 
except that the transformer has higher 
impedance windings. The voltages 
produced in the generator stator wind- 
ings are applied to the three corre- 
sponding stator windings of the syn- 
chro control transformer. Current flow 
sets up magnetic fields that combine to 
produce a resultant field in the con- 
trol transformer. This field lines up 
with the axis of the synchro generator 
rotor and, with appropriate intercon- 
nections, has the same instantaneous 
a-c polarity as the generator. If the 
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Synchro control 


*ronsformer 


Percent response 


rotor of the control transformer is now 
placed perpendicular to the resultant 
field, the voltage generated in the ro- 
tor will be reduced to a minimum. 
This is the null voltage position. 

If the rotor is moved off the null 
position, an error voltage will be pro- 
duced across its terminals. There are 
two rotor positions of zero voltage 180 
deg apart. Both produce an electrical 
null but only one of them produces a 
stable mechanical null when the con- 
trol transformer is integrated with an 
automatic positioning servo system. If 
the rotor is placed in the wrong null 
voltage position, the system will au- 
tomatically drive itself to the proper 
position. 

Some synchro systems operate on 
d-c voltage. They are only used in a 
combination where the synchro gen- 
erator works with a receiver or syn- 
chro motor that produces torque to 
turn its own rotor to an angular align- 
ment with the synchro generator rotor. 
Only one d-c synchro system has an 
equivalent for the synchro control 
transformer; in this system, both the 
transmitting and receiving devices are 
continuously wound and tapped po- 
tentiometers so that an error voltage 
can be derived from the receiver. 


ACCURACY. The accuracy of a synchro 
is measured by the precision with 














100 1,000 
Frequency, cps 


Fig.5 


10,000 


low inertia. Fig. 5—vVariation of output of a differential 
transformer with frequency. The plateau range is excellent 
for operation when power supply is subject to variations. 


which it defines the angular position. 

A high precision 400 cps synchro 
of about 11 in. dia will have a posi- 
tional error spread of 20 minutes max- 
imum. This accuracy is based upon 
being nulled with respect to a stand- 
ard that can have approximately one 
minute error spread from a perfect in- 
dication. The error spread is simply 
the difference between the maximum 
and minimum angular deviation of 
the unit under test with respect to the 
standard. 

To obtain the maximum accuracy 
from any one synchro, the electrical 
zero must be shifted with respect to 
the mechanical zero, so that the error 
spread will shift to make the maxi- 
mum and minimum errors equal. 

The calibration curves of most syn- 
chros have a periodic nature. In par- 
ticular, the error variation occurs from 
maximum to minimum twice in one 
rotation. In some designs, a transmit- 
ter and control transformer may be 
matched so that their periodic errors 
more or less cancel; one manufacturer 
codes his synchros according to the 
relative magnitude of positive error 
and to the ten degrees in which the 
error is maximum. 

If a large number of synchros and 
control transformers are not available 
to allow extensive efforts at matching, 
then the maximum positive error of 
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one unit can be shifted 60 deg by in- 
terchanging a pair of stator leads. This 
matching procedure in a transmitter 
and control transformer system gives 
an overall spread that will be less than 
the angular error spread of either unit. 

If the accuracy of a commercially 
available synchro is not quite satisfac- 
tory a multispeed synchro system can 
be used, which is usually called a two- 
speed system. For example, if the 
transmitting synchro is geared up two- 
to-one to the input shaft and the syn- 
chro control transformer is geared up 
two-to-one to the output shaft, the 
positional accuracy should be doubled. 
More equipment, however, is neces- 
sary for this additional accuracy, and 
ambiguities are introduced when a 
synchro is geared up from a shaft the 
position of which it is supposed to 
maintain. 


SPEED ERROR. The errors that have 
been discussed are static errors. They 
exist between the control transformer 
position and the transmitter position 
when neither unit is in motion. But 
since synchros usually are used in con- 
junction with equipment that oper- 
ates over a range of angular velocities, 
another type of error occurs as speed 
is increased towards synchronous 
speed. The control transformer output 
also shifts in phase. For values of speed 
less than one-quarter of synchronous 
speed, the positioning error is in- 
creased. 
Where 


0, — angular error 
E = speed error voltage 
E,..- maximum voltage output of 
control transformer rotor 
k ratio of operating speed to 
synchronous speed 
= per phase resistance and re- 
actance of transmitter-con- 
trol transformer combina- 
tion. X should be more than 
7R (true for 400 cps units) 
0, - sin"! (E/Emaz) (1) 
E/Emaz = k (R/X)Z tan-!(2R/X) (2) 


The R/X ratio must be low, and the 
synchro should operate at 400 cps 
rather than 60 cps because of the high- 
er synchronous speed. 

Most of the resistance and reactance 
are in the control transformer since it 
is a high impedance device with re- 
spect to the transmitting synchro. This 
condition makes its voltage gradient 
as high as possible and causes a min- 
imum loading of the transmitting syn- 
chro. Incidentally, with respect to load- 
ing the transmitting synchro, shunt ca- 
pacitors are normally used across the 
three lines between the transinitter and 
the control transformer as a method 
to decrease the effective load on the 
transmitter and in addition to improve 
the accuracy of the combination. 


Fig. 6—Schematics of differ- 
ential transformers for meas- 
uring rectilinear and angular 
motion. In the angular unit, 
the output voltage is linear 
with rotor displacement. 
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Fig. 7—Nulling circuits for various forms of the differential trans- 
former. The microsyn circuit permits the rotor to be set at an approxi- 
mate null within + 1 to 2 deg of mechanical null, and does the re- 


mainder of the nulling electrically. 


FRICTION. Synchros are low friction 
devices. But in some instruments, even 
the amount of torque developed by 
bearing friction is unacceptable. More- 
over, the electro-magnetic torques de- 
veloped in a synchro transmitter can 
be objectionable. 

One manufacturer has developed a 
unit that runs on jewel bearings. This 
synchro has only 0.005 gram-cm fric- 
tion torque, and has extremely low 
inertia. This unit is designed and i 
made with a high impedance and is 
used as the control transformer in an 
inverted system. The follow-up servo 
in this system as shown in Fig. 4 (B) 
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operates on the error signal from the 
instrument synchro and drives the 
transmitter to null. 


The Differential Transformer 


The differential transformer has 
many variations, including the mi- 
crosyn type pick-off developed at the 
Instrumentation Laboratory of MIT. 
The basic principle is that of trans- 
former action combined with variable 
reluctance. 

A version of this transformer for 
measuring rectilinear motion is shown 
in Fig. 6 (A). An excited primary 
winding is coupled equally in the null 
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position through a movable iron core 
to two secondary windings. The volt- 
ages of the two secondaries cancel each 
other. When the iron core is moved to 
either side of the mechanical null, the 
voltage falls in one secondary and 
rises in the other. The output voltage 
is proportional to the displacement ot 
the iron core and reverses phase when 
the iron core goes through mechanical 
null. 

A schematic of the microsyn is 
shown in Fig. 6 (B). If the primaries 
are excited by a fixed voltage E, the 
output voltage e is linear with rotor 
displacement and changes phase 180 
deg as the rotor goes through null. 
The symmetrical coil arrangement per- 
mits minimizing of reluctance torque 
and lends itself to null balancing cir- 
cuits. 

The differential transformer oper- 
ates only on alternating current. Since 
it is a low level device, amplification of 
the signal voltage is generally re- 
quired. 


LINEARITY. In a mechanical null sys 
tem, the linearity of a unit is of sec- 
ondary importance. Also, reimctance 
force or torque is no problem when 
there is plenty of driving power avail- 
able. Therefore, differential transform- 
ers with high reluctance torque and 
poor linearity can be used if a precise 
null can be obtained. 

Linearity is expressed as a percent- 
age deviation, in terms of full scale 
output, from the best straight line that 
can be drawn through the voltage- 
displacement curve. The rectilinear 
transformers now available have a 
linearity of about 0.1 percent after the 
null voltage has been properly re- 
duced. The linearity of a microsyn ro- 
tary pick-off is about 0.1 percent. 

The null voltage output of a rec- 
tilinear pick-off is usually about one 
percent of the full scale output. Some- 
times this ratio is adequate. If smaller 
null signals, however, are required to 
prevent saturation of a high gain am- 
plifier that follows the pick-off, addi- 
tional circuit techniques must be em- 
ployed to reduce the null. 


RANGE OF MOTIONS AND OUTPUT. 
The rectilinear differential transformer 
is made in units with full scale mo- 
tions of 0.005 up to 21^ in. or more. 
The output gradient is rather low in 
these units because the two secondary 
voltages are used in phase opposition 
and operation must generally be at low 
flux density values. At 60 cps, the 
transformer runs approximately six 
millivolts per 0.001 in. per volt of ex- 
citation. This output decreases as the 
loading increases. 
The output is a 
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function of fre- 


quency and has a characteristic similar 
to that shown in Fig. 5. The output 
generally increases with frequency. 
The plateau immediately suggests a 
good level of operation in the event 
that the power supply frequency va- 
ries. This characteristic is also desirable 
in servo applications where the car- 
rier is to be modulated and the side 
bands are required to be of equal am- 
plitude. 

The range of angular motion of mi- 
crosyn type pick-offs is approximately 

12 deg for a linear output. The 
sensitivity of a two-inch 400 cps unit 
for example, approximates 30 milli- 
volts per milliradian. 

The gradient for all differential 
transformers can be changed by 
changing the turns ratio between the 
primary and secondary, changing fre- 
quency of operation, or changing the 
physical layout of the device. It can 
also be changed by varying the excita- 
tion voltage, but this variation has a 
practical limit above which troubles 
arise in output nonlinearity and high 
harmonic null content. 


GRADIENT-TO-NULL RATIO, The gra- 
dient-to-null ratio of this type device 
permits comparison between different 
makes, allows evaluation of system per- 
formance, and also permits evaluation 
of the effect of line voltage, frequency 
and temperature on the characteristics 
of any single pick-off. 

In a feedback control system, a cer- 
tain amount of gain is usually allow- 
able above which the system is un- 
stable. This amount of gain usually 
applies to the null signal of the pick- 
off as well as to the useful output sig- 
nal. Therefore, the gradient-to-null 
ratio should be kept as high as pos- 
sible. 

For example; one manufacturer 
may have a device the gradient of 
which is one volt per inch and the null 
of which is 0.01 volt, therefore, the 
gradient-to-null ratio is 100 per inch. 
Another manufacturer may have a de- 
vice the gradient of which is 0.1 volt 
per inch and the null of which is 0.005 
volt, therefore, the gradient-to-null ra- 
tio is 20 per inch. Amplification would 
bring the output of the second unit up 
to that of the first but, in amplifying, 
the null will be brought up to five 
times that of the first. The result 
of these conditions would be a ten- 
dency to widen the uncertainty zone at 
the null and perhaps create an ampli- 
fier saturation problem. 

If the null is small enough to be 
neglected from any system point of 
view, of course, the gradient-to-null 
ratio is not important. 

The gradient-to-null voltage and 
the solenoidal action in a rectilinear 


type are roughly proportional to the 
excitation voltage. This relation is 
true within the limits of the linear 
range of the device. As soon as the 
iron core is driven towards saturation, 
linearity at the high displacements be- 
comes poor and the harmonic content 
of the null increases more rapidly than 
does the gradient. 


RELUCTANCE FORCE OR TORQUE. In 
some applications, the pick-off is de- 
sired to represent the smallest possible 
friction or torque load. This friction 
or torque can be a limiting factor in 
the accuracy of the transducer. The 
differential transformer of advanced 
design minimizes these loads. Some 
particular values for the microsyn are 
a null reaction torque of one to two 
dyne-centimeters in the two inch size. 
The reluctance force or solenoidal ac- 
tion for the rectilinear differential 
transformers is zero at null. This re- 
luctance force can rise to as much as 
0.03 grams per volt when off the null 
position. 


FREQUENCY CHARACTERISTICS. The 
operating frequency for the differential 
transformer has a bearing on a number 
of the device’s operating characteris- 
tics. For example; the solenoidal action 
can be minimized by using frequencies 
of 1,000 cps or higher rather than 
operating at 60 or 400 cps. On the 
other hand, the gradient-to-null ratio 
appears to be better at the lower fre- 
quencies. 
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I ELECTRICAL AND ELECTRONIC COMPONENTS 


Operating details, control coil specification, amplifier types, exci- 
tation circuits, and application circuits for controlling heavy loads 


with small signal inputs. 


Fig. 1—Two-bearing motor-Amplidyne 
with overhung exciter. Terminal box 
includes preamplifier and circuit ad- 
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for Controlling Heavy Loads 
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ROTATING AMPLIFIERS are prime 
mover driven direct current generators 
the output power of which can be con- 
trolled by small field power inputs. 
Many varieties have been developed 
for special applications. Specific names 
that have been patented by various 
manufacturers are: Amplidyne, Roto- 
trol and Regulex. 

Direct current machines used for 
amplification differ from conventional 
amplifiers in many respects. They re- 
spond slowly to input signals with an 
uncompensated response time of one 
or more seconds, in comparison with 


the microseconds characteristic of vac- 
uum tube amplifiers. 

Further, because of nonlinear effects 
such as the low initial permeability of 
magnetic steels, these units will not 
respond to input signals below a cer- 
tain power level. Thus, a high power 
rotating amplifier will not operate sat- 
isfactorily with much less than a few 
tenths of a watt of control input. 

In high gain systems, small vacuum 
tube or magnetic amplifiers may pre- 
cede the machine field input to boost 
the signal to a sufficiently high level 
to be effective. 

Additional difficulties inherent in 
the rotating amplifier are the deleteri- 
ous effect of magnetic iron hysteresis, 
which acts somewhat analogously to 
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backlash in introducing instability in 
closed loop systems, and the effect of 
commutation that introduces radio in- 
terference, high frequency noise, and 
shortens life. However, if the quality 
of commutation is checked period- 
ically, rotating amplifiers present no 
particular life problem. 

The other difficulties can be over- 
come by careful design, and precise 
smooth control can be achieved for 
the most exacting applications. 

There are many special design fea- 
tures that distinguish the rotating am- 
plifier from conventional d-c ma- 
chines. Frequently, extra coils are add- 
ed for the summation of separate sig- 
nals, while maintaining isolation. Wir 
ing is arranged to facilitate the intro- 
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duction of feedback signals either for 
control or stabilization purposes. To 
avoid lags caused by eddy currents in 
the conventional solid iron pole struc- 
tures, a laminated magnetic circuit is 
used. 

To improve servo stability, the in- 
ductance of the field and armature coils 
is minimized. This reduces the time 
delay in current buildup. The winding 
is designed to respond to low power 
control signals, at the same time al- 
lowing high efficiency transfer of en- 
ergy to the load. 

The commutation problem is much 
more severe in rotating amplifiers than 
in conventional d-c machines because 
of the unusual duty cycles common to 
closed loop systems and because of 
the complexity of the circuits. 

Normal duty cycles include frequent 
reversals, slewing and tracking at low 
signal inputs. Thus, commutating in- 
terpoles become a necessary design 
factor in selecting proper amplifier 
rating: for example, where slow track- 
ing is the normal mode of operation, 
with only occasional slewing, it is pos- 
sible tc use a low power motor that is 
capable of handling heavy intermittent 
overloads 

Most d-c rotating amplifiers have 
compensating windings. These effec- 
tively cancel the internal magnetic 
fields caused by armature load current. 
There are two benefits from this. First, 
the armature inductance is made effec- 
tively zero, eliminating a time delay 
from this source. Second, the armature 
flux, which tends to introduce unde- 
sirable feedback by reacting on the 
small input field, is eliminated. This 
latter feature reduces the minimum 
signal input at which the amplifier 
will operate effectively. 


Control Coil Specification 


Rotating amplifiers have one or 
more fixed coils that can be excited by 
input or feedback signals. Output 
power is drawn from armature com- 
mutator brushes. There are many spe- 
cialized arrangements for intercon- 
necting the field and armature circuits. 
The system designer can control dy- 
namic performance by selecting a suit- 
able arrangement 

Once a basic schematic configuration 
and the constants of the circuits are 
established, the differential equations 
relating output and input can be de- 
rived. Analyzing individual machines 
or systems of cascaded machines is sim- 
ilar to analyzing many common ampli- 
fier circuits. The principles of feed- 
back, and the use of stabilization 
networks can be carried over directly 
from amplifier theory. 

The principal distinction between 
electronic and machine circuits, aside 
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Fig. 2 (Above)—Separately 
excited generator amplifier. 
Voltage is generated across 
the armature brushes by ro- 
tation in the control field. 


from the different order of magnitude 


of time constants and gain, is the ap- 
preciable control power required by 
the latter. Loading (of a highly induc- 
tive nature) is a characteristic feature 
of machine systems that must be in- 
cluded in the circuit equations. 

To establish the limitations imposed 
by loading, some properties of coils 
are derived here. Where 


ly average turn length in coil 
N = number of turns 

A = cross sectional area of wire 
K, = cross section space factor 
V = coil volume 

L. = coil inductance 

R. = coil resistance 

T. = coil time constant 

I = current applied to the coil 
W = power dissipation in coil 
NI = ampere turns of mmf generated in 

coil 


the coil volume V is 
V = ANlr/K. (1) 


The volume V is usually a fixed 
quantity established by available space 
in the machine; the average turn 
length /; is determined by coil geom- 
etry; and the space factor K, is usually 


a constant; therefore, from Eq (1) 
AN = VK,/Ir = 


a constant (2) 


From basic considerations 
L, varies directly with N* 
Re varies directly with N/A 


therefore, from the relations of Eq 
(1) there results the relation that 


lrN? 
VK, 


The coil time constant is 


R. varies as 





variesas N: (3) 


Fig. 3 (Below)—Amplidyne 
schematic. Voltage is gener- 
ated across the A-A brushes as 
in a conventional generator. 
The high short circuit current 
develops a quadrature flux. 
Amplified power is developed 
at the B-B output brushes. 


T. = L./R. (4) 


and since both Le and Re vary as N?, 
it is seen from Eq (4) that the coil 
time constant is independent of the 
number of turns provided that the coil 
volume remains constant. 

When a current I is applied to the 
coil, NI ampere turns of mmf gener- 
ates a power dissipation in the coil of 


W = PR.: (5) 

Since R, in Eq (5) varies as N*, 
then 

W varies as 7*N* (6) 


thus, ampere-turns vary as the square 
root of input coil power. Note that the 
driving quantity of a rotating ampli- 
fier is ampere-turns. 

Increasing coil volume will increase 
the developed ampere turns per unit 
power input (sensitivity) and the coil 
time constant by the same factor, 
maintaining a constant ratio between 
them. This ratio is a common figure 
of merit for a stage of amplification, 
and represents a definite performance 
limitation. 

Adding external coil resistance, 
which is electrically equivalent to re- 
ducing coil volume, also does not affect 
this figure of merit. 

The preceding formulas are useful 
in determining the optimum  volu- 
metric division of a winding into sec- 
tions for direct or feedback excitation 
or summation. Permissible winding 
modifications that will impedance- 
match the coils with loaded circuits 
without changing the dynamic char- 
acteristics can also be calculated. 
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Amplifier Types 


Although there are many rotating 
amplifier circuits, only a few are con- 
sidered standard. These include the sep- 
arately excited generator, Amplidyne, 
and tuned circuit amplifier such as 
the Regulex and Rototrol. 

The motor-driven separately excited 
generator for power amplification is 
shown schematical in Fig. 2. The 
power applied to the control field can 
be anywhere from 14 percent to 10 
percent of the load power—the lower 
figure applying to large machines. 

The principal time delay occurs in 
the field circuit, although delays also 
exist in the armature circuit. As pre- 
viously noted, armature inductance 
can be minimized by the use of com- 
pensating windings. Commutating in- 
terpoles, usually designed into gener- 
ators for use in control applications, 
are not shown. 

A complete description of machine 
performance cannot be specified ex- 
cept for a definite impedance load. Al- 
though the figure of merit of this type 
component is relatively low, it can be 
improved by cascading. Amplification 
increases geometrically, while time de- 
lay increases approximately arithmet- 
ically with the number of stages. When 
a sufficient gain reserve is available, 
some gain can be traded for speed of 
response by reducing the coil time 
constants or by the introduction of 
feedback. 

For uncomplicated performance, 
maximum reliability and quality of 
commutation, and greatest control over 
the system variables, the separately ex- 
cited generator, either alone or in tan- 
dem, is preferred. However, overall 
economy of equipment and field power 
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Fig. 5—Tuned generator for regulation. Variations 
in the output quantity cause large swings in the 
generator operating point and quick correction. 
Under steady state conditions, the feedback and 


reference fluxes balance. 
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Fig. 4—Field characteristies of tuned generator. For the critical 
field resistance adjustment, the output voltage is indeterminate 
and can wander anywhere along the air gap line. 


favor those machine having more than 
one stage of built-in overall amplifi- 
cation. 

A more effective means of power 
amplification is the General Electric 
Amplidyne, Fig. 3. This machine com- 
bines two stages of amplification on a 
given magnetic structure, giving a high 
overall gain without increasing the 
time constant. The short circuited 
quadrature brushes develop heavy cur- 
rents that produce a high strength 
quadrature field. This field acts as the 
input to a second stage of amplifica- 
tion and generates power at the main 
output. 


kaj Prime mover 


| 

I 

Feedback | 
winding | 


Contro! i 
winding 


The differential equation of the Am- 
plidyne indicates the presence of two 
characteristic time constants in addi- 
tion to the time constant of the output 
circuit. However, these time constants 
are not large in relation to the overall 
gain, and this unit has found wide use 
as a stable component of servomech- 
anisms. 

Multi-staging within a single ma- 
chine frame can be accomplished by 
different means than those used in the 
Amplidyne. 

The Rototrol incorporates 
more stages, maintaining isolation by 
winding for a different number of 


two or 


Separately excited 
, Tuning „generator 


resistor 


Rototroi 


Fig. 6—Rototrol speed control cireuit using a Ward 
Leonard drive. Smooth control over a wide range can be 
obtained by this arrangement. Static accuracy depends 
primarily on the quality of the tachometer in this speed 


control application of the tuned amplifier. 
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Contro! generator 
, Fixed moror field 
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to motor counter emf 
or speed 


Fig. 8(A) 


-—-Load shaft to 
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Fig. 7 Fig. 8(8) 


7—Typical speed application control circuit that 
employs counter emf feedback. Note elements that can be 


Fig. 8—(A) Circuit for controlling torque and ac- 
celeration.—(B) Circuit for preventing excessive 


omitted in open loop systems with slow control signals. 


poles in each stage. Thus, although 
many fields are superimposed, the 


armature brushes can be positioned to 
couple only one particular pole ar- 
rangement. By successive connection of 
brush outputs to field windings, multi- 


staging and large gains (measured in 
millions) are feasible. 

The differential operator function is 
similar to that of the Amplidyne, with 
additional time constants correspond- 
ing to additional stages of amplifica- 
tion. 

The Allis-Chalmers Regulex and 
the Westinghouse Rototrol conserve 
input power by the process of tuning. 
This is based on the nonlinear magp- 
netization characteristic of electrical 
machines. In Fig. 4 is shown the vari- 
ation in generated voltage with field 
ampere turns in a simple generator. 


Tuned Generator 


If self-excitation is used, a stable 
operating point will correspond to the 
intersection of this curve with the volt- 
ampere characteristic of the field wind- 
ing, or the field-resistance line, and a 
sufficiently high field resistance will 
prevent the self-excited machine from 
building up. Thus, there is a critical 
field resistance the characteristic of 
which is coincident with the air gap 
line, or initial slope. 

Output voltage for this field resist- 
ance is indeterminate and will undergo 
wide variations for slight fluctuations 
in field strength. This is a region of 
maximum sensitivity. 

By operating at this critical point, 
and using a reference and feedback 
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winding, the unit becomes a high sensi- 
tivity regulator, Fig. 5. The reference 
and feedback signals must be equal 
and opposite under steady conditions. 
Any net field will result in a corrective 
shift in the operating point of the ro- 
tating amplifier. In Fig. 6 is shown a 
speed control application of the tuned 
amplifier. 


Excitation Circuits 

In the basic amplifier types, often 
the only significant time delay occurs 
in the input field winding because of 
the need for maximum sensitivity, and 
conservation of input power. 

Since a nonrotative amplifier is usu- 
ally required to raise the level of the 
error signals in high gain systems, 
means for cancelling or compensating 
the winding inductive delay can be in- 
serted in this preamplifier. Techniques 
for doing this include: 

1. Use of a pentode driving stage. 
A pentode behaves like a constant cur- 
rent source, and forces current into the 
inductive field with negligible lag with 
respect to its grid signal. 

Use of current feedback. This 
can be used with any type amplifier as 
a delay reducing method. The feedback 
forces a lag-free correspondence be- 
tween control signal and field current. 

For maximum preamplification effi- 
ciency, the push-pull arrangement is 
preferred and commercial machines 
often have a center tap available for 
this purpose. 

A practical difficulty in these tech- 
niques is the tendency for the induc- 
tive field circuit to amplify noise and 


current and motor torque during transients. 


high frequency jitter, in preference to 
the slowly varying d-c signal. This can 
saturate the preamplifier unless special 
care is taken. 

Filter circuits should be used with 
caution, since they introduce addi- 
tional time delays of their own. Also, 
plate operation of the field winding 
requires sufficient insulation to with- 
stand the B+- voltage, in addition to 
the usual requirements. 

Lead networks are frequently in- 
serted in the preamplifier where the 
relatively low power level facilitates 
isolation. Although these act to bal- 
ance out the inductive delay in the 
field windings, they also favor high 
frequency noise over the actual d-c 
control signal. By introducing attenua- 
tion, they increase preamplifier gain 
requirement. Thus, they are never used 
in the power stage, but rather in the 
voltage stages of the preamplifier. In 
spite of these deficiencies, they are 
widely used. 

Lead networks can be designed by 
conventional methods where vacuum 
tube preamplifiers are involved. For 
other amplifying means, say where a 
magnetic preamplifier is selected, the 
loading of successive stages may re- 
quire a specific configuration in which 
the input impedance of a stage be- 
comes a key element in the lead net- 
work itself. 


Effect of Saturation 
Saturation causes limitations in the 
effectiveness of current feedback, or 
lead networks. Where large swings of 
the error signal occur, the reduced gain 
will increase time delay and oscilla- 
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Fig. 9—Voltage regulation of a large d-c generator using 
the tandem connection of separately excited machines. 
Close regulation under transient conditions can be obtained. 


Fig. 10—Special circuit for servo sys- 
tems uses an economical low power pre- 
amplifier during slow tracking periods. 


tions can occur. To avoid this, the ro- 
tating amplifier must be designed so 
that minimum reliance is placed on 
compensation. 

Direct current amplifiers for field 
control have an inherent tendency to 
drift, as a function of temperature and 
the aging of components. To improve 
accuracy, a self-balancing circuit for 
continuous correction, or a periodic 
routine adjustment, can be specified. 

A common approach where a-c con- 
trol components are employed is to 
use a-c amplification followed by de- 
modulation and a d-c output power 
stage. Since most of the gain is a-c 

(where drift is no problem), satisfac- 
tory performance is obtained. (Some 
filtering must be inserted here to re- 
duce the a-c ripple in the demodulated 
output.) For systems having a d-c 
error signal, this approach would re- 
quire a low level modulator with drift 
problems all its own. 

Where reliability is important, mag- 
netic amplifiers energized from the 
power line can be used. These intro- 
duce time delays of one or two cycles 
of line frequency that may be appre- 
ciable in high quality systems. 

Lead networks must be used with 
care because of the nonlinearity of 
magnetic amplifiers and the loss in 
gain that the networks can cause. The 
upper temperature limit for magnetic 
amplifiers is established by the recti- 
fiers at about 125 C. It is likely that 
transistor driven magnetic amplifiers 
will be used in the near future. 

The preamplifier must have suff 
cient capacity to drive the rotating am- 


plifier control field to saturation. Since 
several hundred watts are required in 
some systems, economic factors in the 
preamplifier itself can be important. 

Where loop performance specifica- 
tions are not stringent, the field power 
can be economically obtained from: 

I. Polarity sensitive relays, actuated 
by the low level d-c error. Mercury 
relays are especially reliable in switch- 
ing highly inductive fields. 

Thyratrons. 

Multi-contact devices such as the 
Silverstat or Regohm, where almost 
proportional control performance can 
be achieved by sequential operation of 
the many contacts. 

The Regohm incorporates an ad- 
justable spring-dashpot damper, which 
facilitates control loop stabilization. 
These components are widely used for 
field control. When properly used, they 
can control hundreds of watts with 
only a few milli-watts input. 


Typical Applications 


Typical applications of rotating am- 
plifiers are shown in Figs. 7 to 10. In 
the speed control shown in Fig. 7, the 
series resistance and inductance in the 
motor armature circuit allow the 
counter emf to be separated from the 
motor armature voltage drop. This 
method is satisfactory for loop sta- 
bilization and approximate velocity 
control For accuracies better than 5 
percent a feedback tachometer is re- 
quired. In Fig. 7 elements are noted 
that can be omitted in open loop sys- 
tems with slow control signals. 

In the circuit for controlling torque 
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and acceleration shown in Fig. 8(A), 
for a fixed field motor the torque and 
armature current are proportional. This 
system is used for controlling accelera- 
tion and tension of inertia loads, such 
as those that often occur in windup 
mechanisms. 

The circuit shown in Fig. 8(B) is 
used to prevent excessive current and 
motor torque during transients. The 
series coil partially nullifies the ap- 
plied control field. It also reduces re- 
sponse time. 


Voltage Regulation 


In the voltage regulation circuit 
shown in Fig. 9, where a tandem con- 
nection of separately excited machines 
is used, both generators are driven by 
a common prime mover. The negative 
feedback through the R-C network 
measures rate of change of generator 
output. By anticipating a change in 
generator voltage, a large correction 
can be applied in time to forestall any 
tendency to oscillate. 

By this method, a well damped sys- 
tem and close regulation under transi- 
ent conditions can be obtained. 

The special circuit for servo systems 
shown in Fig. 10 uses an economical 
low power preamplifier during slow 
tracking periods. When the unit is re- 
quired to slew at a high rate and high 
power is required, however, the am- 
plifier saturates and operates the relay. 
This connects the generator field di- 
rectly to the line, providing ample 
power for rapid changes. The relay 
used must be polarity sensitive to re- 
spond to the polarity of the input. 
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Typical Industrial Uses of 


Industrial heating applications can be divided into four categories: contact; 



























immersion; radiant; and air. For these purposes a wide variety of types 
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and sizes of units have been developed. These sketches, which illustrate typ- 
ical applications of each, were supplied by the Edwin L. Wiegand Company. 
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Fig. 4—Strip heater used on machine parts Fig. 5—Six thermostatically controlled tubular heaters are used in 
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wired to power supply contact the rings. 
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Thermal cutout bulb ine connectio Thermo! cutout bulb located 
located on down- i on downstream side 
stream side f 


Fin- type heater 
lubuior heoter--- 


Manual 
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< - anual reset 
Therma! cutout rad button 


(protection against 
blower forlure ) Thermal cutout 


e Mounting bolts p. — on against 
P Oi f 
(A) Line connections ower failure, 


Fig. 9 — Immersion heater Fig. 10—T wo types of heaters for forced air duct installations. Tubular type (B) 
screwed into standard tee fit- is recommended for higher temperature uses than finned-units in (4). Operat- 
ting for heating liquids. ing temperatures can be over 1,000 F at air velocities of 6 ft per second. 
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— Holding sfrop 


Roadionft heofers 
~Thermostot 


--Strip heoter 


Conveyor belt - 


` 
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Fig. 14—Long, low wattage strip Fig. 16—Radiant type heaters mounted above conveyor belt can be used 
heaters are strapped to pipe carry- for drying materials or parts. Wherever possible, radiant units should be 
ing viscous materials like tar. staggered and reflectors placed opposite heaters to distribute heat evenly. 
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Remarks 


The battery and potentiometer circuit supplies a fixed value 
of bias to the grid and determines the mean value of the regu- 
lated anode current. If the unregulated voltage input exceeds 
the regulated output voltage value, the anode current increases. 
This increases the negative bias and holds the current constant. 
Conversely, a decrease in input voltage will decrease the bias 
so that current will increase. 

For a given input voltage variation the anode current J, and 
the voltage drop across the feedback resistor will be approxi- 
mately constant. The regulation is determined by the resistor 
value and the amplification factor of the tube. The output 
voltage of this type may not vary more than one volt for a 20 
v change in input voltage. 


When the control switch is closed, the condenser C, charges 
to a potential that is the same as the voltage drop across resist- 
or R;. The time delay period is initiated by opening the con- 
trol switch which permits the condenser to discharge through 
the potentiometer Ro. The negative potential on the condenser 
and grid decays until the anode current increases to a value 
sufficient to operate the relay. 

The time period is the duration of time that elapses between 
the opening of the control switch and operation of relay. The 
time can be adjusted by varying Ro. The relay contacts can be 
either normally open or closed. It is seldom used for time 
periods exceeding one minute because of inaccuracies caused 
by condenser leakage. The reset time is almost instantaneous. 


‘Approx. flat top wove form 

coused by anode current 

ae eee The voltage pulse may be used for triggering or initiating 

— — operation in control circuits of apparatus. 

Pulsoting The circuit is similar to the pulse forming diode circuit 

v oed except that the top of the wave form is flatter because of the 
flow of grid current. 

Peak-clipping or the generation of a rectangular alternating 
current voltage wave form can be obtained by using two tubes. 
The square wave form may then be used to check the perform- 
ance of an amplifier or transformer. 


Current 


The a-c input voltage 
Should be opprox- 
imately constant 


To obtain stable frequencies in excess of 10 megacycles, 
which is the practical limit for a crystal oscillator, a frequency- 
multiplier can be used. The input resonant circuit should be 

/[Anode tuned for the input signal frequency and the anode resonant 
poltege circuit should be tuned for an integral multiple of the input 
frequency. The anode circuit then offers a high impedance to 
the desired harmonic and a very low impedance to the funda- 
mental and other harmonic frequencies. However, in the series 
resonant circuit the desired harmonie produces a voltage out- 
put that is predominant over that of any of the other frequen- 
cies. Frequencies of n times the fundamental or input fre- 
quency can be obtained with approximately 1/n times the 
power output of a normally operated Class € amplifier. 


Cutoff 
pomt-. a 
` — 
Operating. 
point- ` 


' 
VPulsating 


^ 


2“ Current ond voltage 
relationships for a 
frequency doubler 

az 2 


X-ray wave lengths are so short that they will pass between 
the lattice-like structure of elements and compounds. However, 
when they strike an atom they are deflected. Denser substances 
cast shadows on photographie film or on a fluorescent screen. 

X-rays provide a nondestructive means for medical examin- 
ations, inspection of industrial products, etc. The accelerating 
potential between the cathode and the anode is 300,000 v or 
more. 

As the greater portion of the energy of the electron stream is 
converted into heat when the electrons impinge upon the 
anode, the anode must be massive and suitable for conducting 
away the heat. 


When electrons which are moving at a high velocity 
strike a metallic target (anode), the impact will result 
in a radiaticn of short electromagnetic waves which are 
known as x-rays. 
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Cx ARGUS PS Srey 


Fig. 1—Basic schematic circuit for commutation-capaci- 
tor speed measurement systems. Polarity of the capacitor 
is reversed twice each revolution by a commutator. 


impulses Impulses for 
TAN ARs. 2A rpm 






Current I 





Time 
Fig. 2—Current-time relationship. Average current 
value i is linearly proportional to speed. 


Fig. 3—Head element, which is a 
double-pole, double-throw switch, is 
actuated by rotation and performs 
the function of the commutator 
shown in the first figure. 


Capacitor 


Commutator Um 


President 


D. J. CODY 
Eastern District Mgr. 
Metron Instrument Co. 


THE CAPACITOR COMMUTATOR SYS- 
aC Ol ! eters TEM of speed measurement has, in the 
past few years, been applied not only 
to hand tachometers but also to fixed 
installation tachometers, recording 


tachometers, speed controls, and super 
accuracy tachometers. 


Types of capacitor commutator systems for 


speed measurement and control, including the These tachometers employ one ram- 

k i EE o ification or another of the basic circuit 
— of Menon, basic circuitry, shown in Fig. 1. In this circuit a con- 
and relative advantages of each. stant voltage source E is connected in 


series with a capacitor C and a milli- 
ammeter I having resistance R. The 
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Eccentric pin 
' 


Contacts 


Fig. 4—How the head elements function: (A) Eccen- 
tric pin moves Scotch yoke to make and break con- 
tacts and provide one switching cycle per revolution; 
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`x Com track 


"Cam follower 


--- Polarity reversing contacts 


“Cable 


Fig. 5—Hand tachometer and electrical circuit. Resistance Re is 
used to compensate for differences in voltage supply from the 
flashlight battery. The check “b” positions on the switch are 
used during this calibration. Three ranges of speed indication 
are obtained by the high, medium, and low taps on resistance Rj. 
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polarity of the capacitor is reversed 
by a commutator twice each revolu- 
tion with a frequency proportional to 
the speed being measured. 

The values of C and R are so chosen 
with respect to the maximum rpm to 
be measured that the capacitor is 
charged to the full value of E long be- 
fore its polarity is again reversed. The 
current-time relationships, Fig. 2, show 
that typical capacitor-resistance dis- 
charge impulses occur at a rate pro- 
portional to the speed. 

Inertia of the d-c milliammeter pro- 
vides a steady indication ; that is the 
average of the individual current im- 
pulses caused by speed A. If the speed 
is doubled to 244 then twice as many 
impulses occur producing twice the 
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reading or 24. Thus, the relationship of 
average current or reading is propor- 
tional to speed as follows: 
C X E X rpm 
] —-————— 
15 

For all practical purposes, the above 
equation is exact and brings to light 
several things. 

1. Current is proportional to speed. 
What little nonlinear error occurs be- 
tween actual speed and readings is due 
tė nonlinearity of the milliammeter 
employed. Thus, nonlinearity exists 
only between current and indicator 
reading and not between speed and 
current. 

2. Since linear relationship exists, it 
is feasible to have a single, linear 
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and (B) Cam follower actuated by cam track moves 
contaets through two, 
revolution, depending on number of flutes in the cam. 


five, or ten reversals per 


CA vNESS Qin oue 


scale distribution for all single speed 
ranges or for multiple speed ranges, 
which can be obtained by the use of 
simple milliammeter shunts. 

3. The combination of the rotating 
capacitor and commutator can be con- 
sidered as a resistance component the 
value of which varies inversely with 
the speed being measured. This con- 
sideration permits extension of the 
system to more complex circuits such 
as bridges to obtain high accuracies of 
speed measurements. 

4. The equation does not contain 
the factor R, which means that current 
values are unaffected by the resistance 
of the circuit. This is true as long as 
total resistance is below a certain value 
—in most instances, several hundred 


129 





ohms. Thus the resistance of a long 
or short cable between indicator and 
tachometer head has no effect on cali- 
bration or accuracy. Neither do indi- 
cators connected in series disturb cali- 
bration or affect accuracy of the speed 
indication. 

5. Current I is dependent on the 
value of voltage E and the value of 
capacitor C. Therefore, it is necessary 
to keep voltage and the capacitance 
constant. In the case of the voltage, 
this is done in practice by a calibration 
circuit or an automatic voltage regu- 
lator. (See Figs. 5, 6, and 7.) Capaci- 
tance value is held constant by proper 
selection of stable capacitots. 


Tachometer Head Elements 

From the foregoing, it is seen that 
this system of speed measurement is in 
no sense a generator type of instru- 
ment. For this reason, it is not possi- 
ble to interchange these indicators or 
heads with indicators or generators of 
other types of tachometers. 

In actual practice, the speed sensing 
element coupled to the speed being 
measured is merely a double-pole, 
double-throw switch actuated by rota- 
tion. The switch, or head element, Fig. 
3, specially developed for the purpose, 
performs the function of the commu- 
tator in Fig. 1. 

It is made in several types having 
l, 2, 5, or 10 complete switching cycles 
per revolution in order to provide suit- 
able impulse rates when the heads 
are coupled to various broad ranges of 
speed. 

In the type shown in Fig. 4 (A) 
one head element provides one com- 
plete switching cycle per revolution, 
ie, two polarity reversals. This unit 
consists of an eccentric pin machined 
on a shaft that moves a Scotch yoke 
sinusoidally up and down to actuate 
the polarity reversing contacts. This 
is a high speed element and is coupled 
to speeds between 2,000 and 10,000 
rpm for full scale deflection of the in- 
dicator. 

In Fig. 4 (B) is one of several head 
element types that provide up to 10 
switching cycles per revolution and 
are for coupling to speeds ranging 
from 200 to 5,000 rpm for full scale 
reading. In this type, the shaft carries 
a cam track having 2, 5, or 10 flutes 
into which a pin projects to actuate a 
cam follower and polarity reversing 
contacts. The cam track is generated 
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to give a sine wave motion to the 
moving contacts. 

In both of these basic types of head 
elements, the switch is driven posi- 
tively in both directions and does not 
depend upon spring action for its 
return. 

The basic head elements are so de- 
signed that: 

l. Long life is obtained. Actual 
tests have shown life to be in excess 
of 2 billion switching cycles without 
maintenance or loss of accuracy. 

2. Friction losses and inertia of 
moving parts are low, permitting: Ac- 
curate speed readings on low power 
devices; the head element to be geared 
up to as much as 100 to 1 for steady 
speed readings 
less; the head 
down so that 


as low as 1 rpm and 
element to be geared 
speed readings up to 
100,000 rpm can be made with a prac- 
tical amount of power consumed; ac- 
curate readings and low torque require- 
ments during periods of acceleration. 

3. The small size of the head ele- 
ment makes possible small tachometer 
head designs and a resulting light- 
weight construction. 

Á. Since the head element is merely 


Rectifier Filter 


M5 volts 
AC or DC 


a switch, all heads of the same type 
are interchangeable and do not have 
individual voltage characteristics. This 
permits use of tachometer 
heads, selectable by a rotary switch 
to monitor speeds of several machines 
with a single indicator. 

5. Direction of rotation does not 
affect indicator readings. Referring to 
Figs. 1 and 2, the limiting factors that 
determine the speed range of any one 
head element are: The maximum speed 
at which the contacts will operate with 
sufficient dwell time to permit com- 
plete charging of the capacitor; and 
the minimum number of impulses per 
minute that 
average out to obtain steady readings. 

Ordinarily head element types and 
gear ratios (in geared types of heads) 
are called for so that the contacts op- 
erate in ranges between 2,000 and 
10,000 switching cycles per min for 
full scale reading. This 
means that a multiple range indicator, 


several 


the milliammeter can 


indicator 


when used with a single tachometer 
head, is capable of measuring speeds 
down to 1/50 of maximum reading, 
on the basis of readings to 1/10 scale 
on the lowest range. 


Fig. 6—Fixed location unit. The head (right) and the indicator 
(left) are connected by cable. Voltage source is any 115 v outlet. 
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Hand Tachometers 


The hand tachometer, Fig. 5, uses 
the basic circuit of Fig. 1 but in more 
detail. The voltage source is a single 
flashlight battery B contained in the 
handle of the indicator. The capacitor, 
also located in the indicator case, is 
designed to have high stability with 
age with 
The indicator movement has relatively 


and temperature changes. 
high inertia to minimize current im- 
pulse effects at low speed readings. 
Three ranges are obtained by shunt 
resistor R,, and the selector switch. 
The "check B" position of the switch 
provides a calibration circuit in which 
R, is adjusted to obtain a fixed read- 
ing on the indicator scale. This adjust- 
ment permits compensating for any 
changes that occur in battery voltage, 
shunting resistors, or meter sensitivity. 
The range of R, is limited so that 
when the calibration reading can no 
longer be obtained, a new battery is 
required. Battery life is in the order 
of 1 to 2 years with the usage that a 
hand tachometer ordinarily gets. 
The above design permits the pro- 
duction of several three-range hand 


Rectifier Filter 


“5 volts 
AC or DC 


Regulator- ⸗ 


tachometers, each having three differ- 
ent total ranges. Various models differ 
only in the scale markings and in the 
basic head element, which provides 


) 


either 1, 2 or 10 switching cycles per 


revolution of the head shaft. 


Fixed Installation 
Tachometers 


A typical indicator and tachometer 
head for fixed installation, Fig. 6, op- 
erates on a constant d-c voltage that 
is obtained from a rectifier, filter and 
automatic voltage regulator and a 115 
v supply. In most cases the capacitor 
is mounted in the tachometer head so 
that only two wires connect from the 
indicator to the head. Cable length 
or size does not affect calibration. 

The 
geared type for low speed measure 
ments under rugged conditions. Like- 
wise, indicators other than the one 
shown can be used. These include 
single range types for use when a small 
measuring range is sufficient, and mul- 
tiple head types for monitoring speeds 
of many machines. Contact making 


tachometer head shown is a 


indicators, and recorders are also avail- 


Fig. 7—High accuracy tachometer, and bridge circuit that makes 
possible indication to within 4 percent of speed being measured. 
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able using the same basic speed meas 
uring system. 

Since all of the components of these 
instruments have long life, fixed in- 
stallation units normally are operated 
continuously. Speed ranges are precali- 
brated by means of fixed resistors that 
are accessible through the rear ter- 
minal compartment. 


High Accuracy Tachometers 

All 
preceding discussion have a specified 
accuracy of 1.0 percent of full scale 


tachometers described in the 


fixed 
installation and portable tachometers 


However, referring to Fig. 


are available having accuracies to 4 
percent of the speed being measured 
This is made possible by a bridge 
circuit. 

Here the combination of the capaci 
tor C and the polarity reversing head 
switch are connected in one leg of the 
bridge circuit so that the degree of 
balance of the bridge and the current 
I is determined by the speed being 
measured; speed is directly indicated 
on the scale. The scale does not read 
to zero speed but spreads out all 
ranges so that the minimum reading 
(bridge balance point) is three fourths 
the full scale value. There are 10 ad- 
joining or overlapping ranges selected 
by a switch that connects in 10 differ- 
ent values of capacitance. 

The calibration circuit consists of 
standardizing resistors R, and R., vari- 


able resistors R. and R,, and switch 


$,. Calibration is performed by switch- 
ing R, in to the bridge leg and ad- 
justing R, for correct bridge balance, 
then switching R, into the bridge leg 
and adjusting R, for bridge sensi- 
tivity. This procedure compensates for 
changes due to age, temperature, or 
voltage variations that might occur in 
power supply, indicating meter, or 
bridge components. Switch $, is then 
set to the "read" position, which intro- 
duces capacitance C and the polarity 
reversing head switch into the bridge. 

This system requires only that the 
mica capacitors, standardizing resistors, 
and scale distribution of the indicator 
remain constant to insure high ac- 
curacy. These tachometers may be used 
with a head cable up to about 10 feet 
without a sacrifice in accuracy. If a 
longer cible length is used, change in 
capacitahce of the cable due to tem 
perature changes begins to show up, 
in effect changing the capacitance. 
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Developments to Watch 


ELECTRONICS . Four major 
areas begin to shape up in the out- 
look for electronics. All of them are 
destined to be vital to industry. They 
are (1) instrumentation and control, 
(2) computation, (3) mobile two- 
way radio, and (4) microwave relay. 

Automation will provide perhaps 
the greatest single outlet for elec- 
tronic instrumentation and control 
devices. Many conventional machines 
are now controlled by electronics. 

True automation, however, means 
that a production line must be com- 
pletely automatic from the reception 
and inspection of raw materials to the 
packaging and inspection of the fin- 
ished product. Electronic devices make 
true automation possible; with them, 
time, color, density, purity, height, 
pressure, length, and viscosity can be 
measured and controlled. 

More than 20 industrial and busi- 
ness organizations in Detroit have 
banded together to make the services 
of an electronic computer available to 
industry and education. 

Utility, oil, lumber, mining, con- 
struction, and manufacturing com- 
panies are finding mobile two-way 
radio a valuable tool in the conduct 
of their operations. 


DIAL SWITCHING BY ELEC- 
TRONIC TUBES . . . Bell Labora- 
tories is about to begin the test opera- 
tion of a new telephone exchange in 
which all of the dial switching will 
be done by electronic tubes instead of 
the electro mechanical relay system 
now in use. The success of the elec- 
tronic switching system will result in 
a vast simplification of the equip- 
ment in the telephone exchanges. It 
will mean only a small fraction of the 
amount of wiring and connections 
that are now required. It will also 
mean the elimination of millions of 
exposed electrical contacts. 

Undoubtedly there will be many 
automatic control systems in which 
the basis of the system could be elec- 
tronic tubes in place of the conven- 
tional relays and contactors. 


PRINTED CIRCUITS . . . First in- 
troduced only a few years ago, printed 
circuits are reaching out in many 
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directions. The latest reports have it 
that printed circuits will soon play a 
significant part in the design of tele- 
vision receivers. The significance is 
that as miniaturization continues to 
grow the field of printed circuits will 
likewise increase. It will possibly 
prove to be one of the strongest 
factors in the reduction of costs of 
small contact electronic assemblies. 


MECHANIZED PRODUCTION 
OF TRANSFORMERS. ... A radi- 
cally new technique for making low- 
frequency transformer and choke coils, 
by winding a sheet of metal foil and 
a dielectric into a tube resembling a 
long paper capacitor and then slicing 
it in wafers may open the way to fully 
mechanized production of transformers 
and chokes. 

The new “Auto-wafer” process, de- 
veloped by Sylvania Electric Products, 
holds promise of removing a major 
obstacle to fully mechanized produc- 
tion of electronic equipment. Sylvania 
engineers estimate that the new tech- 
nique can cut coil manufacturing 
time by a factor of eight and mate- 
rial costs by a factor of three. 

One inherent advantage of the new 
process is that utilization of space is 
more efficient since the conductors 
are rectangular instead of round. 

Following slicing, the wafers are 
etched to remove burrs, sprayed with 
a resin to insulate adjoining turns, 
and are then ready for stacking. After 
stacking on a core, they are intercon- 
nected by means of small tubular 
tabs placed at the start and at the end 
of the foil windings. 


ALUMINUM WIRE .. . Aluminum 
wires are being used more and more 
for electrical coils and windings. This 
is being made possible by the de- 
velopment of new designs of terminal 
connectors that make it easy to join 
aluminum to copper wires. Several in- 
genious designs of mechanical con- 
nectors are now in use. Cold welding 
offers another possibility. 


GERMANIUM CRYSTALS... 
Crystal gazing about crystals might 
well be the title of a science-fiction 
story that would contain more truth 


than poetry. Germanium crystals in 
rectifiers make these units less than 
half their present size for the same 
amount of power output. And of 
course for transistors, germanium is 
doing wonders with more to come. 


TENSION CONTROL IN STEEL 
STRIP . . . Tension in steel strip 
moving two thirds of a mile per min- 
ute is controlled over a range of 20 to 
1 by a new type of tensiometer regu- 
lator that has a total movement of less 
than one eighth inch. The short 
travel makes for a fast response. 

The tensiometer gets its signal from 
a reluctance type pickup, similar in 
principle to that used in phonograph 
record players. The signal is amplified 
by magnetic amplifiers. A special cir- 
cuit takes the tensiometer out of op- 
eration when the tension falls to a low 
value. This prevents the tensiometer 
from trying to maintain tension during 
start up, shut down, or when the strip 
breaks. 

In contrast to systems that are part 
mechanical the tensiometer, which is 
all electric, requires no damping that 
might have to be readjusted when op- 
erating tension is changed over a wide 
range. In addition to controlling ten- 
sion, the tensiometer gives a continu- 
ous indication to the operator. 


SILICON DEVICES . . . With a 
battery made of strips of silicon, scien- 
tists at Bell Telephone Laboratories 
have converted the sun's energy di- 
rectly into electricity to power the 
transmission of voice over telephone 
wires. The battery also used energy 
from the sun to power a transistor 
radio transmitter carrying both speech 
and music. In its present experimental 
form, the Bell Solar Battery can achieve 
an efficiency of six percent in convert- 
ing sunlight into electricity. 

The experimental device uses strips 
of wafer-thin silicon about the size of 
common razor blades. Extremely sen- 
sitive to light, these strips can be elec- 
trically linked together to deliver 
power from the sun at the rate of fifty 
watts per square yard of surface. 

Other silicon devices being studied 
at Bell Laboratories include a light- 
ning protector for telephone lines and 
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a power rectifier for converting large 
alternating currents to direct current. 
These devices can operate at much 
higher temperatures than other crys- 
tal rectifiers now in use. 

All of these silicon devices perform 
in ways that are currently impossible 
for germanium. Their unique electri- 
cal properties depend on the substitu- 
tion of silicon as the crystalline ma- 
terial in which the so-called “p-n 
junctions” are made by the controlled 
introduction of traces of impurities. 

This new development is still in 
the stage where many people consider 
it a toy just as William Pitt described 
Faraday’s experiment on the genera- 
tion of magnetically induced elec- 
tricity. It is far too early for even the 
most imaginative Jules Verne type 
of individual to predict future devel- 
opments that will have for their basis 
the generation of electric power di- 
rectly from sunlight. One seemingly 
logical application is the use of such 
generators placed on poles and feed- 
ing their output into some type of 
power storage unit. During the period 
that the sun is not shining the stored 
electrical energy will be available. 

Of course the energy of light has 
long been converted into minute 
quantities of electrical power through 
the use of selenium or potassium cells. 
However, this latest development 
makes available “light - to - electricity” 
generators of far greater output. 


HYDROSTATIC PRESSURE SIG- 
NAL GENERATOR .. . To study 
its effects on the operation of pressure 
activated naval mines, the ocean has 
been brought to the confines of a 
laboratory. The United States Naval 
Ordnance Laboratory reports that a 
hydrostatic pressure signal generator 
enables scientists to study the response 
of detector systems of pressure acti- 
vated mine to pressure signals gener- 
ated by passing ships. 

The device is actuated by a tape re- 
cording of ocean noises which may be 
scanned by an optical beam. The re- 
cording is converted into an elec- 
trical signal fed into a synchro con- 
trol unit, which in turn drives the 
pressure signal generator. A chart 
containing a pressure signal trace of 
a particular type of ship is placed on 
a drum which revolves slowly while 
the operator follows the trace line 
with a stylus controlled by a hand 
wheel. With pressure at the planting 


depth of the mine already put into 
the device, the operator simulates 
ocean conditions for the type of ship 
by imposing the actual pressure sig- 
nal variations. The hand wheel con- 
nects into a mechanical system for in- 
creasing and decreasing pressure. 
Studies of ocean temperature ef- 
fects may be made at the same time 
by having the mine detectors located 
in controlled temperatures, such as 
those provided in refrigerated box. 


WIRELESS TRANSISTOR  MI- 
CROPHONE ... A step toward re- 
moving some of the restrictions that 
conventional microphones, which use 
cables and booms, have placed on 
television performers was taken re- 
cently when NBC engineers demon- 
strated an experimental wireless mi- 
crophone. The microphone, trans- 
mitter, battery, and loop antenna 
weigh less than eight ounces. The en- 
tire assembly can be hidden in a per- 
former's clothing. 

The transmitter when finally de- 
signed will be about ¥% by 2 by 3%4 
in. in size. The unit contains eight 
transistors and is powered by an alka- 
line cell battery. The range of recep- 
tion has not yet been fully determined, 
but tests have shown a coverage of 
approximately 5,000 sq ft area. 


POWER TRANSISTORS . . . Ad- 
dressing machine tool builders, R. L. 
Bright of Westinghouse pointed out 
two inherent differences between the 
conventional electron tube and the 
transistor. 

The tube uses practically no power 
from the signal source to control, but 
has relatively high internal resistance. 
This feature may be why the transis- 
tor has not yet successfully competed 
with the tube in many applications. 

The transistor requires a small but 
still appreciable amount of power, 
but its internal resistance is inherently 
low. This characteristic may mean 
that transistors will play a particularly 
important part in the power field be- 
cause of their high overall efficiency. 


AIR CONDITIONING .. . Moving 
charged air particles by electric fields 
as a basis for cooling and air con- 
ditioning has captured the imagina- 
tion of several industrialists. A few 
firms are actively working toward 
such an electronic air conditioner. 
Other somewhat similar devices 
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| ELECTRICAL AND ELECTRONIC COMPONENT S 


have been used. Electrostatic precipi- 
tators to filter dust particles from in- 
coming air are available for home use. 
Some years ago, arc discharge ma- 
chines designed to produce ozone for 
kitchen sanitation were merchandized. 


MICRO-POWDER MAGNETS ... 
Pure iron, hitherto regarded as the 
classic soft magnetic material is now 
employed to produce permanent mag- 
nets. These magnets give the opposite 
magnetic properties to those norm- 
ally experienced. 

It has been known for some years 
that the coercive force of iron pow- 
der was partially dependent upon par- 
ticle size. From the development of 
the domain theory it was deduced, by 
Professor Neel of Grenoble University 
during the last war, that very fine 
powders of the order of magnitude of 
a magnetic domain would exhibit a 
very high coercive force exceeding any 
value hitherto obtained in conven- 
tional magnets. 

The required optimum particle size 
was about one hundredth that of the 
finest powder previously made for 
radio cores. The preparation of such 
powder was difficult and hazardous 
because of its extremely strong af- 
finity for oxygen; such powder oxi- 
dizes spontaneously when exposed to 
air. The magnetic quality of this 
highly pyrophoric powder could be 
maintained only by immersing the 
micro-powder in flammable liquids 
such as benzine, which tended to in- 
crease the hazard. This difficulty has 
now been overcome on a production 
scale by a technique employed by an 
associated company of The General 
Electric Company, Ltd. 

With any particular type of micro- 
powder, it is possible to control the 
physical structure by varying the 
manufacturing technique. Permeability 
values ranging from 50 to 5 can be 
readily achieved. 

Shaped magnets can be molded by 
powder metallurgy techniques from 
micropowders to accurate dimensions. 
The production operations are per- 
formed at low temperatures, thus 
shafts, pole pieces, or inserts of other 
metals can be incorporated in the 
molding. 

All magnets in the range produced 
are sprayed with a plastic that im- 
parts a smooth, durable and attractive 
appearance, and gives complete pro- 
tection against corrosion. 
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Silver GRAPHALLOY Brushes have been widely used because 
of Low and CONSTANT CONTACT DROP, EXTREMELY LOW 
ELECTRICAL NOISE and LONG LIFE . . . especially for rotating 
strain gages, thermocouple circuits, synchros, guided mis- 
siles, fire control equipment, transducers, radar and. sonar 
equipment, servo-mechanisms, selsyns and dynamotors.* 

The GRAPHALLOY process was patented 40 years ago and 
the name GRAPHALLOY has been our copyrighted trademark 
since that time. While this company has been selling 
GRAPHALLOY for the past 40 years recent developments have 
added materially to its properties. Over 30 grades are now 
used in a wide variety of applications. Silver GRAPHALLOY 
Brushes on 4”-diameter coin silver slip rings have been used 
successfully in highly critical electrical circuits at speeds up 
to 100,000 R.P.M. Our Engineering Department will assist 
in determining the exact grade of GRAPHALLOY for your needs. 


BRUSH AND SPRING ASSEMBLY 


Silver GnAPHALLOY Brushes are available for the standard Brush Holders 
described in the next column. Springs are supplied, as part of the assembly, 
to give the correct brush pressure for each brush application. Shunts 
are provided|to insure extremely low electrical noise level and tor carrying 
heavy currents. 





I —— —— 3" - 


COIN SILVER SLIP RINGS 


Standard Coin Silver Slip Rings, both cylindrical and flat types, are illus- 
trated below. We recommend the cylindrical type ring with three brushes 
per ring . . . spaced at 120° The cylindrical type are designed for press 
fitting over standard steel shafting. The flat type rings are designed for nest- 
ing either on an insulated plate or for molding into insulation. Insulated 
slip rings of either type or slip ring assemblies can be furnished with 
leads attached. 





Stondord “Flat” rings hove V4" rodiol 
contoct surface ond Ve" radial spocin 

9 
between adjacent rings, 

















Pari No. oD ID Thickness PartNo. OD ID Width 
168-20 1% 1⁄4 Ye 116-4"* V^ -127/ 123 Me 
168-32 2 UA Ye né-4** L^ .252/ .48 à 
168-44 2%, TA Ve 116-8** A 37/.93 3⁄4 
168.56 34 3 Ye Té-10** 3⁄4 -502/ 498 Ve 
168-48 4 3%, Ye. 116-12** 3⁄4 4127/ 623 Ye 
168-80 5 AV, We 116-14** * J52/ 48 WV, 
168-92 51, 5%, Ye neé-n** I 7/ .873 V, 
168-104 LZ b “Ye 116-18°* LA 1.000/ .996  '/, 
168-116 T bh Ye 1165-19 MA  1000/.996 
168-128 ` Th Ve 1165-23 1% 1250/1.208. Y, 
168-140 8, LUA Ye 1165-27 Pu —1500/1.49;6 VY, 
168-152 9, 9 LE 1168.35 274 2.000/1.99%6 /, 
168-164 10, — Vg 1165-43 TA 2.500/2.496 V, 
168-176 n 10", Va 1168-52 3% 3.000/2.996 ¿ç 
158-188 ny nu VA 1165-60 33, 3.500/3.496 “ig 
168-200 12, 12 Ya 1165-68 AV, 4.000/3.996 Sis 
168-212 13%, 124%, Ya 1165-76 AY, 4.500/4.496 54 
168-224 14 13, Va 1165-84 5% 5.000/4.996  *& 
168-236 MM, MA V^ 1165-92 53 5$.500/5.496 Ve 
168-248 15!4 15 Va 116$-102 é 6.000/5.996 “gj 
168-260 Wi 15% L^ 1165-118 DA  7.000/6.996 Sis 
168-272 y 165, Sh 1165-134 8%, 500/7995 Sis 
168-284 7% mh $e 1165-150 9%, — 9.000/8.99 54 
158-296 18, 18 e 1165-166 109, 10.000/9.996 54 
168-308 1 Wy, Me i . i Š Lu 
168-320 20 197, She **Available either in solid coin silver or 


coin silver .025 thick inlaid over brass. 
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SILVER GRAPHALLOY 


BRUSHE 





BRUSH HOLDER AND CAP 


TAPERED INSULATING BUSHING 

















L 
INSULATED n al 
CAP ° BRUSH HOLDER 
E 
š sš š 
c ` 
`- ⁄ = > e z 3 
lo: HI j ; 
s£ 4 Beds ii n 
be à 8822 44 AF BC G DL 
14326 esq. Ye 1322 hemin 437 Vig 7A. 406 2%. .416 .130 


x 
o 
3 
EI 


` lė 2 437 Yis 7 -406 1841 Alb -160 
1570 Y¥iesq. !Á Ye Vigmin. 484 Yis Ye .438. 754, .450 ^ .193 
11527* 4 sq. Vie Yis lá min. 615 Yi, Wie .563 Wis 573 .1256 


Other sizes available. 
*Shunts are provided. **Mounting hole diameter for brush holder dimension D. 


INSULATING 
SLEEVE 


DIAGRAM of 
BRUSH and 
SLIP RING 
ASSEMBLY 


CONNECTORS 
(GARTER SPRINGS) 














GarterSpring Brush Brush 
Connectors Size HolderNo. 





These silver plated coil spring 
Connectors make for positive 
electrical connection to the brass 



































body of the brush holder by 127-9 Vy sq. 14326 
snapping into the groove on the 127-9 552 54. 11509 
holder. The connecting lead can 127-10 7? sq 11570 
be pre-soldered to the Connector. 127-14 a sq. 11527 



































*CALL ON OUR 40 YEARS OF DESIGN EXPERIENCE 
FOR HELP IN SOLVING YOUR BRUSH PROBLEMS! 









































Product Engineering — 1955 Annual Handbook 





...and SILVER GRAPHALLOY 


-brush assemblies 


CYLINDRICAL SLIP RING and 
BRUSH HOLDER ASSEMBLY 


Graphalloy Brush 


for your “TOUGH” 
electrical 
requirements 


CYLINDRICAL SLIP 
RING ASSEMBLY 


GRAPHALLOY 
BRUSHES 


Three Brushes on 
Ring 120° Apart 


Coin Silver 
Slip Rings 





PTAA cA ii Li 
ih hth ehh 


— Bearing Assembly 


FLEXIBLE COUPLING 


One standard grouping has 10 slip rings although any number of 


— a 
FLAT SLIP RING 
ASSEMBLY 


On rotating equipment, the .measure- 
ment of changes in resistivity or emf 
must be brought out by means of slip 
rings and brushes. To obtain intelli- 
gible information under these condi- 
tions, the extraneous circuit noise level 
must be kept below the signal level. 
Since Silver GRAPHALLOY Brushes, in 
combination with Coin Silver Slip 
Rings, reduce the extraneous noise 
level to extremely low values, they have 


GRAPHALLOY CONTACTS 


GRAPHALLOY, because of its inherent non-weld- 
ing and arc-quenching characteristics, is used 
widely for contacts . . . especially where positive 
breakng of a circuit is required. 


slip rings may be assembled. 3 brushes per slip ring ore used. 


Coin Silver Slip Rings molded 
in plastie ring support 


SECTION Y-Y SECTION ‘2-2 


been used extensively in rotating strain 
gage and thermocouple applications. 
Noise levels as low as 20-50 microhms 
in a 100-ohm circuit have been obtained 
with Silver GRAPHALLOY Brushes. (We 
will develop and manufacture your 
complete assembly!) Commutators and 
choppers for the production of square 
wave signals or for pulse systems can 
be manufactured to meet your circuit 
requirements. 


GRAPHALLOY BUSHINGS 


With military requirements demandng operation 
from —100° to +250°F., GRAPHALLOY Bush- 
ings, which are inherently oilless, have been used 
successfully in potentiometers, synchros, cameras, 
instruments and missiles. Properly designed 
GRAPHALLOY Bushings will take considerable 
shock (50 g.). They have replaced oil-lubricated 
breaking of a circuit is required. 


1) Lower friction at room temperatures. 
2) No oil to solidify at low temperatures. 


3) No oil to carbonize at prolonged 
elevated temperatures. 


GRAPHITE METALLIZING CORPORATION 
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are used, on 


equipment as... 


SERVO SYSTEMS 
SYNCHROS 

SELSYNS 

CHOPPERS 

RADAR 

GYROS 

INVERTERS 

PULSE SYSTEMS 
GUIDED MISSILES 
DIGITAL COMPUTERS 
WAVE GUIDES 
SONAR 
TRANSDUCERS 
TORQUE INDICATORS 


“We Specialize in 
Special Designs” 


Our Engineering Department 
will develop or 
assist you in developing 
special components 


and assemblies. 


1019 NEPPERHAN AVE 
YONKERS, N. Y. 
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E SETS THE ||, 
]li STANDARD FOR: 
TIC ADVANCED PERFORMANCE MULTITURN POTENTIOMETERS 


Serve potentiometer Type MIOT servo-corrected for .025% 
linearity at low cost. Winding may be corrected for resistive loads of 
at least twenty times the potentiometer total resistance. Extraordi- 
nary mechanical precision and high electrical accuracy combine with 
unique method of servo-controlled winding of the resistance element 
to produce a new concept in multiturn precision potentiometers. 


Electrical Specifications 

Resistance Range: 1000 ohms to 10,000 ohms +5%. 

independent Linearity:0.05% standard,0.u25% or better, special. 

Effective Electrical Angle: 3600°+-1°—0°. 

Power Rating: 5 watts at 40°C derated to zero at 80°C. 

Leakage Resistance: Terminals to shaft 50 megohms minimum 
500 volts DC. 

Voltage Breakdown: All terminals shall withstand 1000 volts 
(rms) AC to shaft. 

Ambient Temperature Range: —55°C to +80°C. 

End Coil Resistance: 025% of total resistance (maximum). 

Equivalent Noise Resistance: 100 ohms maximum. 

Temperature Coefficient of Resistance Wire: .00002 per °C. 


puyum- MT T AT | 


Mechanical Specifications 

Base and Bearings: One piece machined aluminum base houses 
spring- loaded ball bearings in a single through bore. 

Mounting: Universal type offers choice of servo or tapped hole 
mounting. 

Mechanical Rotation: 3660° + 2.5° limited by rugged lead screw 
stops which withstand 100 inch pounds applied torque. 

Maximum Starting Torque: 1.3 inch ounces at 20°C. 

Terminals:Gold-flash, blind solder pot. 

Enclosure: Corrosion-resistant stainless steel cover, bonded to 
base to exclude dirt, moisture, and corrosive atmosphere. 
Provides no support to working parts. 

Weight: 5 ounces nominal. 





TIC STANDARDIZED BALL BEARING PRECISION POTENTIOMETERS 
Types ST18 and STC18 feature compactness, ball bearings for 
low friction, and high electrical accuracy. Linear and non-linear wind- 
ings are available. Servo-mount dimensions conform to latest indus. 
trial standards. Type STC18 is electrically identical to Type ST10 
with unitized construction to permit rapid assembly and dis-assembly 


Type 
ST18 


1 -5824 
Mechanical Specifications: (Types ST18 and STC18) 






of ganged units by user. Also available with plug-in type mounting 
as Type RVBC1-5/8. 


Electrical Specifications: (Types ST18 and STC18) 
Resistance Range: 100 ohms to 100 K ohms +5% standard, 
% special. 
Independent Linearity: 0.5% of total resistance standard, to 
0.2% of total resistance special. 


Housing: One-piece machined aluminum base with black alumi- 
lite, corrosion-resistant finish. 

Bearings: Two ball bearings for low rotational friction. 

Mechanical Rotation: 360° continuous or limited by stops if 
specified. 

Maximum Starting Torque: 0.5 ounce inches per section. 

Ganging: 


Winding Angle: 320° +2° standard. +0.5° special. Non-stand- 
ard winding angles available. 1 

Power Rating: 3 watts at 25°C derated to zero at 80°C. 

Ambient Temperature Range: —55°C to +80°C. 

Temperature Coefficient of Resistance Wire: 00002 per °C. 

Taps: Available at specified locations on the resistance winding. 

Equivalent Noise Resistance: 140 ohms maximum. 

Voltage Breakdown: 1000 volts DC all terminals to shaft. 


Type ST18 units may be ganged on a straight through shaft, 
using one-piece stainless steel clamp rings which permit pre- 
cise phasing of ganged units. 

Type STC18 features unitized construction allowing user to 
assemble multi-gang units with ease. Spring-loaded drive-arm 
joins sliders of successive sections, limiting backlash to 0.06° 
per ganged section. 

Weight: 3 oz. for single section, 1 oz. per additional section. 







S | 
y 
— 
TIC PRECISION POTENTIOMETER TEST EQUIPMENT 
For the measurement of potentiometer noise, linearity, and non-linear conformity. 
Type 394-A PONOGOMETER® (Potentiometer Noise Tester) 
A precision potentiometer noise tester designed for laboratory 
and production contro! in the manufacture of single or multiturn 
potentiometers. Monitoring the transient contact noise resistance ap- 
pearing between the wiper and resistance element, both audible and 
visual indications are given when threshold level is exceeded. 
TIC PRECISION POTENTIOMETER HANDBOOK AND CATALOG 
A truly authoritative reference on the theory, design, performance, and application of pre- 
cision potentiometers. Handbook includes detailed and illustrated engineering description of 
m Potentiometer terminology 
m Circuits for optimum potentiometer adjustment 
m Non-linear loading techniques 
m Causes of resolution and residual noise 
æ Potentiometer design and construction procedures 
and many other pertinent subjects. Catalog section, included under same cover as handbook, 
lists complete specifications on standard TIC potentiometers and test equipment. Loose-leaf format 
permits the accumulation of technical information on new developments in potentiometer design 
and new TIC models as they are introduced. Price: $2.00 per copy, (including subscription to 
future material.) ‘ 


TECHNOLOGY INSTRUMENT CORP. 


West Coast Eng'r'g. Facili WHitney 0108 


i 
AO 


Write for complete specifications. 





Range: Equivalent Noise Resistance threshold level adjustable from 
0 to 5000 ohms. Lower levels can be set up by means of 
accessory equipment. 
Wiper Exciting Current: Constant 1 milliampere. For other values 
accessory current sources can be set up. 
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Standard TIC Precision and Trimmer Potentiometers 


RESISTANCE 


INDEPENDENT 
LINEARITY 


OESCRIPTION 
| _Std } Speciat__ 


RV: ' 
NQ 204 | Molded-Bakelite +0.25% 
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ELECTRICAL GENERAL SPECIFICATIONS MECHANICAL 
Coin-silver overtravels: 10° nominal at each end of winding. Housing: Precision-machined aluminum with  corrosion-resistant 
Taps: Available at desired points. Alumilite finish (except Bakelite RV3, RVLL3 and stain- 


Rated temperature coefficient of resistance wire: 0.002% per °C. less-steel RV12) 
Ambient temperature range: —55°C to +-80°C Mechanical rotation: 360° continuous; limit stops available 


(to +145°C for RVH1). Starting torque: Less than 1 oz-in (142 oz-in for RV3, RVLL3, 


Equivalent noise resistance: 140 ohms, maximum. V5 oz. in for ST18, STC18). 
Dielectric strength: 1000V DC breakdown test, 1-sec duration. Life: 1 million operations at 60 rpm, or less. 


except RV3, RVLL3 (2000V 0C) cr ANDARD TIC NON LINEAR PRECISION POTENTIOMETERS 


WINDING 
TYPE DESCRIPTION DIAM RESISTANCE CONFORMITY 
Total Toler. 


RVP3-559 £0.5% peak-to-peak 
RVP3-S200 Double-sided square-law +0.25% of total V 


= 
— — «es m^ es TE e be — 

A eloolo9 oloo 
88|85|89|88 ssiss 
xz|xsixs|^s|l^a 


PRECISION POTENTIOMETERS 


TRIMMERS 


: 
— 
° 
° 


Yo 
RVP3-S208 Exponentia +2% constant fractional 320 
RVZS373 T2 peak-to-peak 
U OD LOR c , 
RV2-S417 (Exponential 
— —— 


Electrical 
Rated temperature coefficient of resistance wire: 0.002% per °C. Housing: Precise-machined aluminum with corrosion-resistant 


GENERAL SPECIFICATIONS Dáin 


Ambient temperature range: —55°C to +80°C. Alumilite finish. 
Equivalent noise resistance: 140 ohms, maximum. Mechanical rotation: 360° continuous. 


Dielectric strength: 1000V DC breakdown test, 5-sec duration. Starting torque: Less than 1 oz-in. 
Life: 500,000 complete revolutions at 60 rpm, or less. 


MECHANICAL DIMENSIONS, SERVO-MOUNT POTENTIOMETERS 


DIMENSIONS 


Dia. W wiih tolerance * 2000 io ve machined 
buus 
ene wot iag 


CONSERV- 
ATIVE RESISTANCE INDEPENDENT MULTIPLE 


POWER Range Loia] URNY WINDINGS 


ance 
RATING (ohms /in) [ Sid | pecial] (% of max) 
Threaded 


100 9 /in independent bushing 
to windings in [and rear-end 


12 | 8 | 20 | 25K/in bracket 
Electrical KA P ^ Mechanical 
Coin-silver overtravels: 55," nominal at each end of winding. Mousing: Precision-machined aluminum with corrosion-resistant 
Taps: Available at desired points. Alumilite finish. s 
Rated temperature coefficient of resistance wire: 0.00296 per °Ç Mechanical stroke: Determined by limit stops 
Ambient temperature range: —55?C to +80°C Life: 1 million operations at 1^ per sec, or less 


Dielectric strength: 1000V DC breakdown test, 5-sec duration Depth Behind Panel: Stroke Length Plus 1% inches 
Cross section of Housing 114" x 114^" 


ECHNOLOGY INSTRUMENT CORP. 


t Coast Eng'r'g. Facility, 731 No. LaBrea Ave., Hollywood, Calif., WHitney 0108 
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13A Main St., Acton, Mass,  COlonial 3-7 
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FOR POWER SUPPLY 
AND ELECTRONIC 
APPLICATIONS 


Over a half-century of experience in the 
wire industry . . . a development laboratory 
constantly searching for improved materials, 
better construction . . . the finest equipment 
for extruding rubber, neoprene, polyvinyl 
chloride, polyethylene, nylon, and other 
insulating materials . . . highly skilled 
workers . . . a rigid quality control system 

. . all combine to assure you that Whitney 
Blake cord and cable are the best available. 


We are prepared to help solve your cord 
and cord set engineering problems as well 
as to furnish a wide variety of products 
under the following general classifications. 








FEATURE ADVANCED DESIGN 
PROVIDE LONG 
DEPENDABLE SERVICE 





MICROPHONE CABLES with neoprene jackets. Write us about our new 
microphone cord with semi-conductive cotton shield. It has improved 
flexibility and longer service life with excellent electrical characteristics. 





TELECABLE®  Multi-pair Intercommunication Cables with semi-rigid 
Plastite insulation and Plastite jacket 6, 11, 12 and 26 pair in #24 
and #22 AWG. Light weight for easy installation. Water resistant for 
use in damp ducts. Other constructions upon request. 





DYNAPRENE® neoprene jacketed cord and rubber jacketed cord for 
power supply. Listed by Underwriters’ Laboratories. 


CORD SETS and CABLE ASSEMBLIES custom built to your 
specific requirements. 


Using either standard cordage or cord designed to fit your 


particular application, Whitney Blake can fabricate regular 
line cords or special purpose cords having attached or 
integrally molded rubber or Plastite fittings. 


Contact our representative in your area for additional information and help with your wiring problems. 


ATLANTA, GEORGIA 
1447 Peachtree St., N. E. 
Telephone: Emerson 2683 


CLEVELAND 16, OHIO 
19115 Detroit Rd. 
Telephone: Edison 1-7737 


DALLAS 12, TEXAS 
5005 Lovers Lane 
Telephone: Dixon 6272 





CHICAGO 12, ILLINOIS 
3145 Carroll Avenue 
Telephone: Van Buren 6-0020 
IwX:CG 1708 






o> WHITNEY BLAKE 


v 






KANSAS CITY, MISSOURI 
213 W. 75th Street 
Telephone: Emerson 4900 


LOS ALTOS, CALIFORNIA 
(San Francisco Area) 

Box 1362 100 South Broad Street 
Telephone: Whitecliff 8-2122 





CO. 





LOS ANGELES 49, CALIFORNIA 
12243 Shetland Lane 
Telephone: Arizona 9-0701 








PHILADELPHIA 10, PENNSYLVANIA 
1541 Land Title Bldg. 


Telephone: Rittenhouse 6-4067 


105 PERSHING STREET 


HAMDEN, CONNECTICUT 
Telephone: Chestnut 8-5515 TWX: NH84 
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| HERMETICALLY SEALED 


i 


SILENT and CHATTERLESS 
at the 


extra features | En rec 


that assure |, ABSOLUTELY SAFE 
dependuability | MERCURY-TO-MERCURY 


d us | — 


Mercury Relays! 





z, 


Find out how 


ADLAKE 


Mercury Relays 


can save money 


in your business! 





Consult any 
Adlake office 
or representative: 


* . BOSTON 11, 
Leo C. Pelkus & Company 
683 Atlantic Avenue 


CHICAGO 2, | 
The Adams & W e Co. 
319 W. Ontario St 


pu et 1 T 
The Wagner-Green Compony 
1935 Euclid Avenue. 


HOUSTON 3, 
The William, E. Bice Company 
1512 Pease LLLI 


, LOS ANGELES 22, 
The A. W. Nash Company 
. 2112 South Atlantic Bivd. 


NEW YORK 6,- 
E. W. Rowland Associates 
110 Washington Street 


PHILADELPHIA 44, 

- Mr. W. Henry Cordray 

; 18 West Chelten Avenue 

PITTSBURGH 22, 

eee meld 
Clark Building . 


ST. LOUIS 5, 
` Wells-White Company 


. SAN FRANCISCO 3, 
W. C. Matheson Company 
228 Ninth Street : . 


SEATTLE 1, 
C. B. Parsons & Company 
3028 First Avenue 
, 
SYRACUSE 
Mr. Harry R. Snyder 
5208 South Salino Street 


MONTREAL 16, P.Q. 
Powerlite Devices, Limited 
233 Dunbar Avenue 


TORONTO 9, ONTARIO 
Powerlite Devices, Limited 
1870 Davenport Road 


E ... SENSITIVE 
RELAY 


load conditions) 


or normally closed 
ow 


tive, 115 v., 60 cy. 


p 230 v., 60 cy 


t) at 115 v., 60 cy. 


*; projection, 234". 





the wide Adlake line 


Contact Arrangement: Normally open or 
normally closed 
Available in: 


' Slow operate— quick release 
Slow operate— slow release 
Quick operate—slow release 


Time delay Í 
types of l 
Load type: Quick operate—quick release 
Maximum time delay: 20 minutes 
Contact rating: Time delay relays to 15 amps. 


Load relays to 50 amps. 
Non-inductive, 115 v. 60 cy. 


Voltage Coil: To 130 v. D.C. (an external register 
can be used in series with coil for higher 
operating voltages.). 


1140 MODEL 


The “MIGHTY MIDGET” 


Contact Arrangement: Normally open or 
normally closed — Single pole—Single throw 


Available in: Quick acting load type only. 


Contact rating: 30 amps. non-inductive 
—115 v. 60 cy. 


Voltage Coil: Up to 440 v. 60 cy. and 220 v. D.C. 
Maximum size: Height 375"-44"; width 274"; 
projection 234" 


Equipped with compression type terminals 
to simplify installation. 





Every 
Adlake Relay 
IS: 


 — dust, dirt, moisture, oxidation and [Lun 


perature changes can't interfere with [1 
eration. 


— prevents burning, pitting and sticking. 


...and every Adlake Relay is 
tested...and guaranteed... 
to meet specifications! 


For complete details on the broad ADLAKE 
Relay line, send for your copy of the new 
ADLAKE Relay Catalog. Address: The 
Adams & Westlake Company, 2054 N. 
Michigan, Elkhart, Indiana; In Canada, 
write Powerlite Devices, Ltd., of Toronto. 
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Here's Why 
Adlake Relays 


give SURE 
POSITIVE 
ACTION! 


Plunger 


Inert Gas 


Mercury 


When relay is energized, coil pulls plunger 
down. Mercury enters thimble, gradually 
displacing inert gas, which escapes 
through ceramic plug. When thimble has 
been filled, mercury-to-mercury contact 
is established . . . assuring positive snap 
action under all conditions! 


1101 MODEL 


Contact Arrangement: 


Normally open or normally closed 
Single pole—Single throw 


Available in: 


( Slow operate—quick release 
: c Wi j Slow operate—slow release 
yp l Quick operate—slow release 


Load type: Quick operate—quick release 
Maximum time delay: 20 minutes 
Contact rating: Time delay relays to 15 amps. 


Load relays to 50 amps. 
Non-inductive, 115 v. 60 cy. 


Voltage Coil: Up to 440 volts A.C. (25-50-60 cy.) 


Contact Arrangement: 


Normally open or normally closed 
Three pole— Single throw 


30 amp. capacity at 115 v. 60 cy. 


Voltage Coil: Coils are available for all voltages 
to 440 volts, 50 /60 cycles, or 220 v., D.C. 


5000 MODEL 557^ 


(Designed for rapid operation under load conditions) 


Contact Arrangement: Normally open or normally closed 
Single pole—single throw 


Contact rating: 5 amps., non-inductive, 115 v., 60 cy. 
Voltage Coil: Up to and including 230 v., 60 cy 
Coil input: .007 amp. (less than 1 watt) at 115 v., 60 cy. 
Maximum size: Height 3'%"; width 5%"; projection, 2%”. 





the wide Adlake line 


EL 


Contact Arrangement: Normally open or 
normally closed 


Available in: 


Slow operate— quick release 
Slow operate—slow release 
Quick operate—slow release 


Time delay f 
types of | 


Load type: Quick operate—quick release 
Maximum time delay: 20 minutes 
Contact rating: Time delay relays to 15 amps. 


Load relays to 50 amps. 
Non-inductive, 115 v. 60 cy. 


Voltage Coil: To 130 v. D.C. (an external register 
can be used in series with coil for higher 
operating voltages.) 


1140 MODEL ` 


The “MIGHTY MIDGET” 


Contact Arrangement: Normally open or 
normally closed — Single pole—Single throw 


Available in: Quick acting load type only. 


Contact rating: 30 amps. non-inductive 
— 115 v. 60 cy. 


Voltage Coil: Up to 440 v. 60 cy. and 220 v. D.C. 
Maximum size: Height 375"-44"; width 274"; 
projection 234" 

Equipped with compression type terminals 
to simplify installation. 





Every 
Adlake Relay - 
M. 


— dust, dirt, moisture, oxidation and tem- 
perature changes can't interfere. with op- 
eration. 


— prevents burning, pitting and sticking. 


...and every Adlake Relay is 
tested... and guaranteed... 
to meet specifications ! 


For complete details on the broad ADLAKE 
Relay line, send for your copy of the new 
ADLAKE Relay Catalog. Address: The 
Adams & Westlake Company, 2054 N. 
Michigan, Elkhart, Indiana; In Canada, 


write Powerlite Devices, Ltd., of Toronto. 
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Complete Control E j 


O EM 


Special Waterproof 
Junction Box 





Lighting Control 


— 





ADLAKE 


Custom-Built Assemblies 


POWER RELAY ASSEMBLY 

LIGHTING CONTROL 

COMPLETE CONTROL UNITS 

DELAYED ACTION CONTROL 

SPECIAL WATERPROOF JUNCTION BOX 


The Adams & Westlake Company's Engineering De- 
partment is completely equipped to serve your spe- 
cial needs. ADLAKE service includes developing and 
building control systems, custom-built terminal 
boxes, junction boxes, and similar special assemblies. 


TRADE MARK 





ma & Westlake compan 


Establ 


IT 185 e ELKHART, INDIANA 


nufacturer f ADLAKE Herme 


New York B] Chicaao 


Mercury Relay 


E 
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KENT^ has this to say: 


L i 
OWENS 


TOLEDO, OHIO 


Norninc determines the efficiency of your 
production equipment, and the ultimate cost 
of its product, so much as the often hidden but 
vital controls that insure its split second pre- 
cision, and elimination of down-time losses. 

That’s exactly the function and the guarantee 
behind Snap-Lock Switches, designed with 
separate sealed off mechanical sides, and of 
Namco “‘Stellite’-Weld Solenoids. Each is a 
patented product. 

Built first to improve controls—"built with 
machine tool ruggedness"—for our own Acme- 
Gridley Automatics, these electrical devices 


"we Specify Snap-Lock Limit Switches 
and Namco Solenoids on all the 
standard and special machines we 
build because of their dependable 
controls with trouble-free long life" 


L. F. Rothert, Director of Engineering 
Machine Tool Division 


are now specified as standard equipment by 
90% of this country’s machine tool builders 
alone. Army, Navy and Aircraft suppliers 
specify them used singly and in combination. 
Other uses in valves, clutches, switches and in- 
numerable devices, number in thousands. 


If you need to step up a cycle of operation— 
get rid of mechanical wear, save space and in- 
sure more dependable, continuous control of 
your production, ask our Engineers to help you 
"design one in" to your machine or process. 
Engineering specification catalogs— Limit 
Switches EM-51; Solenoid EM-52. 


Eu The NATIONAL 
146 od tnd aot ved Stn MN BAYA COMPANY 


Machines e Automatic Threading Dies and Taps 
* Limit, Motor. Starter and Control Station 
Switches @ Solenoids ® Contract Manufacturing 
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DO YOUR PRODUCTS 
REQUIRE 


Wiring Harnesses 
Cable Assemblies 
Power Supply Cords 
Individual Leads 


VILECTRIE offers you.. 


LONGEST AND BROADEST 
EXPERIENCE 


in the electrical and electronic industry — 12 
years devoted exclusively to product wiring. 


PRECISION WORKMANSHIP 


A 12 year record unapproached for consistent re- 
jection-free quality. 


DEPENDABLE DELIVERY 


A 12 year record of meeting customers’ schedules 
regardless of material and labor shortages. 


ed eaten pte Lowest Overall Cost to You 


ment specifications 


Minimum-to-no in-plant inspection, re-work and 
re-shipping 


On the record, no down-time due to our delivery 
failure ever reported 


UNILECTRIC's prices are the lowest in terms of 
delivering what you want when you want it 


kina ak, ba š Buy from UNILECTRIC and you will 

r r- 
naces, industrial and ether per- LOWER YOUR PRODUCT WIRING COST 
manent wiring applications. 





CUSTOM ENGINEERED 


PRECISION PRODUCED 
















Send your product wiring problem to Riverside! Whether WATERPROOF SWITCHES aiso withstand shock, vibra- 


Š ' P. à á ' lion, corrosion, temperature extremes, etc. Complete line 

Hi it’s a request for preliminary design assistance or for actual of toggle and pushbutton types, various sizes and ratings, 

1 & production of a million units . . . it will receive our prompt Km We SONU TOF WOR SWECA IURE sn6 GF, 
| attention and careful consideration. The design and produc- 
4 tion of electrical assemblies, harnesses, and wiring devices 


has been a Riverside specialty for years. At your service 


i &' you'll find a complete experimental laboratory, a staff of LE en 
Gg experienced engineers, highly specialized manufacturing + os 
7 facilities, three modern plants, and a skilled labor force... 

all operating under rigid quality control methods. Send parts, onm ns 


prints or details of your problem for prompt engineering 
: recommendations and a firm quotation, without obligation. 


> 
. WIRING HARNE SES 
—f — qusa Neat * 'packaged units' 
s — signed, manufactured at 
ay T delivered ready for quick, 
easy installation. Wiring 
control accessories and 


I other parts in one complete 
I assembly. Quick service! 


Ha 


| i À 
kadami * 


— Manufacturing 


AND ELECTRICAL SUPPLY COMPANY 


10232 MICHIGAN AVENUE o DEARBORN, MICHIGAN * PHONE Tifony 6-6800 


WIRING HARNESSES AND ASSEMBLIES e CORD SETS e HEATER AND EXTENSION | V EE T 
CORDS e ELECTRICAL SWITCHES « RELAYS e MOLDED RUBBER PRODUCTS | ' 












£ lireryide 
Vanufucturing 





Product Engineering — 1955 Annual Handbook i 45 


COMPLETE MILITARY LINE AVAILABLE. 


1/2 watt 70°C, 3/4” 
diameter minia- 
turized variable 
composition re- 


RIABL 


Meets JAN-R-94 
type RV4 


2 watt 70?C, 1-1/8" 
diameter variable 


"POPULAR MILITARY TYPES ILLUSTRATED. 3 composition resis- | 


sistor 
| | — — — 
` CORRESPONDING COMPLETE LINE FOR COM- — atures i 


MERCIAL APPLICATIONS ALSO AVAILABLE. not covered by J 


TYPE 65 TYPE 95 
(Miniaturized) 


' TYPE GC-95 
With Switch 





UNPRECEDENTED | TYPE C2-95 


Tandem 


PERFORMANCE 
CHARACTERISTICS 


Types 65, 90 and 95 are 
specially designed for 
military communi- 
cationsequipmentsub- 
ject to extreme temper- 
ature and humidity 
ranges:-55°C to +150°C 
..ariditytosaturation. 


EAST COAST OFFICE SOUTH AMERICA 
Henry E. Sanders Jose Luis Pontet 

130 North Broadway Buenos Aires, Argentina 
Camden 2, New Jersey Montevideo, Urugua 
Phone: Woodlawn 6-1668 Rio de Janeiro, Brazil 
TWX No. FLANDERS PA 414 Sao Paulo, Brazil 


WEST COAST OFFICE OTHER EXPORT 
Robert A. Stackhouse 


928 So. Robertson Bivd. 

P. O. Box 35073 

Los jo e 35, California Phone: Pennsylvania 6-8239 
Phone: Crestview 4-5931 

TWX No. BEV H 7666 SOUTHWESTERN U.S.A. 


CANADIAN DIVISION Me Dre Drive n 
C. C. Meredith & Co., Ltd. P.O. Box 7224 
Streetsville, Ontario Dallas ° Texas 

Phone: 310 Phone: Dixon 9918 


— MOUNTING PANEL 





ht "H 
e J 3 


MAXIMUM LENGTH OF 
BuUSi/"é Tw"OUS" 
PANEL 


CAN BE SUPPLIED WITHOUT THE WATER 


CHICAGO TELEPHONE SUPPLY j ———— 
r " w SEAL M Í 
r 7 ratte "1 —— E AND BEARING FOR TYPES 


45, 35, 90, 95, 25, 252. 





FE a Ee en SS ES OE 


Meets JAN-R-94 
type RV3 


1/2 watt 1-1/8" diameter 
variable composition 
resistor. Also available 
with other special mili- 


Meets JAN-R-94 
type RV2 







Meets JAN-R-19 
types RA25 and RA30 


4 watt 1-17/32" diameter 
variable wirewound resis- 
tor. Also available with 
other special military 


Meets JAN-R-19 
type RA20 


£ 


tary features not covered 
by JAN-R-94. 


features not covered by 
JAN-R-19. 


TYPE 35 TYPE 25 


TYPE GC-35 
With Switch 


TYPE GC-25 
With Switch 


TYPE C2-35 
Tandem 


TYPE C2-25 
Tandem 


ADOS £ TO OEPT^ 

OF CONTROL BEHIND 
MOUNTING SURFACE 

AND SMORTENS 

LOCATING LUG TO .049" 2.015" 


LOCKING BUSHINGS FOF 


Specialists in P. 














331 NORTH MILWAUKEE STREET 


SOLENOID SHOE BRAKES 


SINGLE SOLENOID OR DOUBLE SOLENOID OPERATED 





SBM-362 BRAKI 
45 FT.-LBS 
MACNETICALLY SET 


SB-373 BRAKE 
450 FT.-LBS 
SINGLE SOLENOID 





SB-388 BRAKE 
2400 FT.-LBS 
DOUBLE SOLENOID 





B-122 DISK BRAKE SB-362 BRAKE 
85 FT.-LB. TORQUE EXPLOSION PROOF 


SB-300 LINE OF SOLENOID BRAKES 


SPRING SET MAGNETIC RELEASE OR 
FOR OPERATION: On alternating current at any voltage 
and at frequencies from 1624 to 6724 cycles per second. 


On direct current shunt connections at any voltage to 
750 volts. Series connections at any voltage to 750 volts 
and any current. 


MAGNETICALLY SET SPRING RELEASE. 


Wheel diameter ranges from 2!5" to 72". Wheel face 
from 114” to 14". 


Torque capacity: 3 ft.-Ibs. to 24,000 ft.-Ibs. continuous 
duty; 5 to 32,500 ft.-Ibs. 4% hour duty. 


SEND FOR BULLETINS EE-180, EE-183, EE-184 


STANDARD SOLENOIDS 
46 STANDARD LINES, 608 SIZES 


F-334 SOLENOID A-128 SOLENOID 


F-300 LINE A-100 LINE AL-800 LINE 


PLAIN SOLENOIDS 

F-300, 30 sizes; G-200, 14 sizes; A-200, 15 sizes; NA-700, 
38 sizes; G-600, 6 sizes; A-100, 14 sizes; AL-800, 18 sizes; 
AS-400, 14 sizes; E-500, 30 sizes; FW-300, 30 sizes; 
EW-500, 30 sizes. 

DOUBLE PLUNGER SOLENOIDS 
AD-300, 15 sizes; AD-400, 7 sizes; AD-800, 9 sizes. 

EXPLOSION PROOF SOLENOIDS 
FX-300, 15 sizes; FX-800, 9 sizes; FX-400, 7 sizes. 

OIL IMMERSED SOLENOIDS 
FZ-300, 15 sizes; FZ-800, 9 sizes; FZ-400, 7 sizes. 
PURE DIRECT CURRENT SOLENOIDS 
A-100, 14 sizes from 2 lbs. to 100 lbs. at 85% voltage. 
SOLENOID OPERATORS 

RD2-300, 15 sizes; RD2-800, 9 sizes; RD2-400, 7 sizes; 
RD3-300, 15 sizes; RD3-800, 9 sizes; RD3-400, 7 sizes. 










IN 
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AL-828 SOLENOID FX-324 SOLENOID 
FX-300 LINE 


NA-726 SOLENOID 





AS-427 SOLENOID 
AS-400 LINE 


A COMPLETE LIST OF SOLENOIDS 


G-611-H SOLENOID 
G-600 LINE 


NATIONAL ACME 
REPLACEMENT LINE 


DIRECT CURRENT OPERATORS 
RD2-100, 7 sizes; RD3-100, 7 sizes. 


EXPLOSION PROOF OPERATORS 
RD2X-300, 15 sizes; RD2X-800, 9 sizes; RD2X-400, 7 
sizes; RD3X-300, 15 sizes; RD3X-800, 9 sizes; and 
RD3X-400, 7 sizes. 


OIL IMMERSED OPERATORS 
RD2Z-300, 15 sizes; RD3Z-800, 9 sizes; RD2Z-400, 7 
sizes; RD3Z-300, 15 sizes; RD3Z-800, 9 sizes; and 
RD3Z-400, 7 sizes. 
EXPLOSION PROOF DOUBLE PLUNGER SOLENOIDS 
ADX-300, 15 sizes; ADX-800, 9 sizes; ADX-400, 7 sizes. 


OIL IMMERSED DOUBLE PLUNGER SOLENOIDS 
ADZ-300, 15 sizes; ADZ-800, 9 sizes; ADZ-400, 7 sizes. 





1924 MR. TROMBETTA GAVE THE WORLD THE COMMERCIAL SOLENOID 
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CROSSBAR CONTACTS FOR MINIATURE RELAYS 


Originally designed for use in telephone relays, 
crossbar contacts are now widely used for 
miniature relays and contacts. Assembly is 
speeded and eased because alignment of con- 
tacts is not critical. 


Major savings are made by attaching with 
Makepeace machines which cut off and weld 
automatically, and in the reduction of waste of 
precious metal. Laminated precious metal 
capped contact tape is produced in production 
runs and supplied on reels. There is no 


handling of individual tips. M Ps | kepeace 


RAISED LAY 


When raised lay is used, costly assembly opera- 
tions are reduced to blanking costs and no 
precious metals are wasted. That is because 
one or more strips of silver are bonded to a 
base metal in the form of a ridge or a bar. Cold, 
hard rolling produces the required temper in 
the base metal and dense hard contact sur- 
faces for the most efficient electrical and me- 
chanical qualities. 


SPOT LAY* 


Developed and perfected by Makepeace, this 
exclusive process brazes slugs of precious 
metal in strip stock, positioning them exactly 
where needed. This new, economical and effi- 
cient material permits manufacturers to pro- 
duce rotors in switches and small bridge con- 
tacts at lower costs and with improved life 
performance. 


*Patented 
D. E. MAKEPEACE COMPANY 


Attleboro, Mass 
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STAR Custom Porcelain Specialties 





THERMOLAIN 


A high grade refractory porcelain 
with excellent mechanical strength 
and heat shock resistance. For 
electric ranges, broilers, air heaters, 
rheostats, radiants, immersion heat- 
ers and furnaces. 





VITROLAIN 


Strong, dense, low porosity porce- 
lain with superior dielectric and 
mechanical strength. Especially 
adapted to radio, telephone, rail- 
road signal and similar applications. 






LAVOLAIN 


Steatite—strong, dense, heat resist- 
ant insulation with exceptional me- 
chanical strength and thermal shock 
resistance. Excellent for small parts; 
widely used in heating devices. 


150 


for applications requiring 


Resistance to 


ELECTRICITY 

HIGH TEMPERATURES 
THERMAL SHOCK 
MOISTURE 
CHEMICALS or 
WEATHERING AGENTS 


For complete information — design help, 
engineering data with electrical and me- 
chanical properties, production facilities 
and availability—write direct to 





PORCELAIN COMPANY 


35 Muirhead Avenue «+ Trenton 9, N. J. 
Makers of Electrical Porcelain Since 1899 


STAR INSULATING BEADS 


Bell and socket type for insulating 
bare wire. Heat resistant . . . high 
dielectric strength . .. low cost . . . 
quickly applied. 13 stock sizes. 
Shown here appreximately half ac- 
tual size. Send for samples. 





No. 921 INSULATION 


Hard stoneware type ceramic with 
outstanding thermal and electrical 
properties, Recommended for mold- 
ing difficult shapes that must with- 
stand severe mechanical strain or 
heat shock. 





HUMIDOLAIN 


Highly porous, special clay body. 
Widely used in the manufacture of 
deodorizers, humidifiers, air condi- 
tioning equipment and other appli- 
cations involving the gradual re- 
lease of evaporation of absorbed 
liquids and perfumes. 


NU BLAC 


Same good dielectric and mechani- 
cal strength offered by STAR Com- 
mercial White with added advan- 
tage of non-soiling in assembly. 
Used for many types of wiring de- 
vices and is adaptable to practically 
all molded electrical insulator 
shapes. 
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Z Dependalle Solutions 


TO HERMETIC SEALING PROBLEMS... 


E-l.. HEAD- 

QUARTERS FOR 
HERMETICALLY-SEALED 
MULTIPLE HEADERS, 
OCTAL PLUG-INS, TER- 
MINALS, COLOR CODED 
TERMINALS, END SEALS * 


*PATENT PENDING 
ALL RIGHTS RESERVED 


DIVISION OF AMPEREX 
ELECTRONICS CORPORATION 


ELECTRICAL INDUSTRIES 


44 SUMMER AVENUE, NEWARK 4, NEW JERSEY 




















TYPE R 
Sealed, non-adjustable 
(shown) or adjustable 
styles. Positive acting for 
operation to 650^F. Rated 
at 15 amps at 115 volts 
AC and 28 volts DC, 10 
amps at 230 volts AC. See 
Bulletin F-2003. 





THERMOSTATS BY STEVENS 


ando haw thoy ſit into your prrduct pictur... 


ll if your product requires precise, sensitive control of temperature . . . if it is 
scheduled for volume production—chances are there's a production line Stemco 


thermostat to satisfy all your requirements exactly. 


For Stevens produces the widest range of bimetal thermostats in the industry. 
Thirteen basic models are illustrated. Most types are available with various 
terminal arrangements, temperature ranges and calibration, mounting provisions, | 
enclosures, etc. This eliminates needless expense in design, development and 


production tooling . . . gives you a better, proven thermostat at lower cost. 
š . ; ; : TYPE S 
So whether you produce appliances, electronic devices, apparatus, instru- Non -Adjustable 
ments or electrical equipment—look to Stevens first to complete your product Electrically identical to ad- 
Š : š d jvstable Type S. Single-stud 
picture for performance . . . size. . . Cost . . . delivery. A-8400 mounting. Operates to650°F. | 


Rating: 15 amps at 115 
volts AC and 28 volts DC, 
10 amps at 230 volts AC. 
See Bulletin F-2006. 





TYPE S 
Adjustable 
Positive-acting, with elec- 
trically independent bimetal. 
Adjusting stem and termi- 
nols to customer specifica- 

tion. See Bulletin F-2006. 


THERMOSTATS designed and manufactured by 


STEVENS manufacturing company, inc. | 


Maneficld, Ohio 









E 
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TYPE SM 
Manual Reset 


Mechanically and electri- 
cally same as adjustable 
and non-adjustable Type 
SA except for manual 
reset feature. See Bulletin 
L-6397. 


TYPE SA 
Non-Adjustable 
is electrically identical to 
adjustable Type SA. Non- 
inductive-load rating 15 
ampsat 115 volts ACand 28 
volts DC, 10 amps at 230 
volts AC. Bulletin L-6397. 


TYPE SA 
Adjustable 
Snap-acting with electri- 
cally independent bimetal. 
Also single-pole, double- 
throw. Adjusting stem and 
terminals to customer order. 

See Bulletin L-6397. 


K 


» 
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TYPE A 
Semi-Enclosed 
Insulated, electrically in- 
dependent bimetal disc 
gives fast response and 
quick, snap-action control. 
Operation from -40° to 
400°F. Various mountings 
and terminals. See Bulletin 

L-9070. 


OAM 


TYPE A 
Hermetically Sealed 
Electrically identical te 
semi-enclosed Type A. 
Rated at 8 amps at 115 
volts AC, 4 amps at 230 
volts AC, and 10 amps at 
28 volts DC. For appliance, 
electronic, apparatus ap- 
plications. Bulletin L-9070. 


TYPE C 
Semi -Enclosed 


$mall, positive-acting. 
Electrically independent 
bimetal strip for operation 
from -90° to 300°F. Ter- 
minals and mountings to 
customer specifications. 
See Bulletin L-6934. 


TYPE M 
Hermetically Sealed 
Electrically same as semi- 
enclosed Type M. Rating: 
8 amps ot 115 volts AC, 
4 amps at 230 volts AC. 
Calibrating limits: Regular 
+5°F, special +3°F. See 

Bulletin F-2009. 


m 


TYPE M 
Semi-Enclosed 
Compact unit with electri- 
cally independent bimetal 
disc for appliance and 
electronic applications from 
—60° to 400°F. Virtually 
any type terminal. See 

Bulletin F-2009. 


TYPE C 
Hermeticolly Sealed 
Electrically identical to 
semi-enclosed Type C but 
sealed in crystal can. Also 
supplied as double thermo- 
stat "alarm" type. Rated 
from 2 to 5 amps, depend- 
ing on application. See 

Bulletin 1-6934. 


TYPE W 
Adjustable (shown) or non- 
edjvstoble types. Snap 
action prevents arcing. Op- 
eration to 350°F. Rated at 
12 amps at 115 volts AC 
and 28 volts DC, 8 amps 
at 230 volts AC. See Bul- 
letin L-6395. 


Thermostats are not shown actual size. Illustrations are for general infor- 
mation only; fully dimensioned and certified prints available on request. 




























— HE2E2..... NWL 


SPECIALISTS IN TRANSFORMERS 


at prices that compare favorably with standard units 


Over 26 years of know-how in special transformer design and manufacture. 
The illustrations shown are only a few of the many types manufactured. 









*HIGH 
Sizes from 0.01 to 300 KVA 
1, 2, 3 phases, 25 to EFFICIENCY 
400 les. 
DRY TYPE ONLY TRANSFORMERS 










FOR: 


HEATING 
TESTING 
POWER 
ELECTRIC FURNACE 
SPECIAL WELDING 
PHASE CHANGING 
PRECIPITATION 
CONTROLLING 
RESEARCH 
LIGHTING d 


INDUSTRIAL i 
MEASURING 





SIGNALING 


LOW 
VOLTAGE 


All NWL coils are vacuum-pressure impregnated and all joints over 10 am- 
peres are silver soldered. Bus leads of over 100 amperes are silver plated. 


— 


Laminations, oriented and most silicon steels are annealed in accurately 
controlled nitrogen atmosphere electric furnaces. 


— —— —  — 


SEND FOR 8 PAGE BULLETIN 


No Charge At Any Time For 
Design Service 


WINDING LABORATORIES 


ESTABLISHED 1920 130 ALBEMARLE AVE., TRENTON, NEW JERSEY 


SN SE Manufacturers of Elecfrical Transformers— 


Testing Equipment 







MEMBER 
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S NEW HUDSON CATALOG 
| g < ze —* complete guide 


to a dependable 
source of 


supply! 
NN 
Y 


STANDARD CASES \ 
AND COVERS ` 
— prompt shipment 
in large quantities 
from stock! 
* 


SPECIAL SHAPES 
AND FEATURES 
— fast service 
on specification 
metal stampings! 


CLOSURES 
STAMPINGS 


GEARED TODAY TO THE ELECTRONICS 

FUTURE — When you make Hudson your 

headquarters for cases and covers, you can 

schedule your production with confidence. Hun- 

dreds of special shapes and sizes, with many 

optional features available, are carried in stock 

at Hudson. Ample stocks assure prompt delivery 

and standardized production provides precision » 

workmanship at economical prices. From simple "€ CALL OR WRITE 
closures to intricate, multi-operation shapes Pp FOR NEW CATALOG 
and sub-assemblies, you can depend on C i OR QUOTATIONS, 
Hudson to meet your specifications. < TODAY! 


HUDSON TOOL and DIE COMPANY - Inc 


118-122 SO. FOURTEENTH ST., NEWARK 7, NEW JERSEY 
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Max. 
* Federal Output 
Cat. No. MA-DC 

1159 20 
1263A 65 
1002A 65 
1003A 75 
1101A 100 
1004A 100 
1005A 150 
1006A 200 
1028A 250 
1090A 300 
1231A 325 
1261A 350 
1023A 350 
1130A 300 
1021A 450 
1200A 600 
1223A 750 
1014A 100 
1022A 450 
1233 20 
1007A 75 
1008A 100 
1009A 200 
1015 150 
1016 300 
1017 600 
1229A 750 
1018 1600 
1001A 75 





AE) Eyelet. (S) Stud. 





Volts 


130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
160 
160 
260 
160° 
160° 
160° 
25 
25 
25 
195 
26t 
20 


(T) Paper Tube. 


MA. 


54 
135 
175 
200 
270 
270 
410 
540 
675 
810 
880 
945 
945 
1080 
1200 
1600 
2000 
270 
1200 
54 






Min. 
Ser. 
Res. 


Ohm 


w ^ 
Q Ut ^3 Ut Un Un Un Ch Ch Un Un Cn 


_ 
20 


Peok 
Inverse 
Volts 
(Mox.) 


380 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 
460 
460 
740 
460 





Peok 
Current 
(Mox.) 


200 
500 
650 
750 
1000 
1000 
1500 
2000 
2500 
3000 
3250 
3500 
3500 
3000 
4500 
6000 
7500 
1000 
4500 
200 
750 
1000 
2000 
750 
1500 
3000 
7500 


750 


*These rectifiers have two sections—chorocteristics given apply to one sec 
tion only; if both sections are used in series, voltage input is 320 volts. 





€ 'A' after code number indicates locking lug. 


SELENIUM RECTIFIERS 


FOR INDUSTRIAL SERVICE FROM AC TO DC 
Millowatts to Killowatts 


Low-cost power conversion . . . efficient, de- 
pendoble . . . from a-c to d-c. Introducing 
new, brood range adaptobility in diverse fields, 
conditions ond applications. They obtoin direct 
current from any alternating current source. 
They are smali, light, easy to install. They 


meet all needs of an unattended service. 





FEDERAL CONTACT 
PROTECTOR 


— SI 


Federal's Contoct Protectors ore a sure 
way to longer life for relay contocts, 
eliminating circuit foilure and inter- 
ference caused by arcing. 














. Suppresses contoct arcing 

. Extends Contact Life by more than 
1000 times 

. Reduces circuit failure due to con- 
tact erosion (locking, surging, etc.) 

. Minimizes RF Interference 

Has negligible effect on speed of 

operation of circuit. 

Needs no attention 

. Is easily installed 

Requires little space 

Is low in cost 

Available as hermetically sealed 

unit to meet all JAN specifications 


156 
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fThe characteristics given for this rectifier are based on its use in a half- 
wove rectifier circuit with a 3-cell battery lood. 


iThe characteristics given for this rectifier are based on its use in a full 
wave rectifier circuit with a 3-cell battery load. 





3 3 e u 
ELENI 
PEE SE ee 


The revolutionary circuit elements that have 
led the way to important design advances in 


TELEVISION & RADIO RECEIVERS & ELECTRONIC EQUIPMENT 


Wherever DC power is required there is a Federal Radio-TV Selenium Rectifier to do the job... and 
do it with an efficiency and reliability that is backed by the outstanding reputation of Federal — 
America's oldest and largest manufacturer of Selenium Rectifiers. 





A Construction 
and 
Nom. Cell Size 


3⁄7 Dia. (T) 
11/16" Square (E) 
1" Sq. (E) 

1” Sq. (E) 

1” Sq. (E) 

1%” Sq. (E) 
1%” Sq. (E) 
1-17/32” Sq. (E) 
1-17/32” Sq. (E) 
1-17/32” Sq. (S) 
154" Sa. (S) 
154" Sq. (S) 
134" Sq. (S) 

2" Sq. (S) 

2" Sq. (S) 

212” Sa. (S) 
212” Sq. (S) 
11⁄4” Sa. (E) 


) 
1-17/32” Sa. (E) 
21⁄,” Sa. (S) 
4,” Ig. (Mtg. Pit.) 
1” Sq. (Ë) 








FOR COMPLETE DATA: Write for Federal's Data 
Booklet on Selenium Rectifiers. An informative guide 
to charocteristics and applications of the industry's most com- 
prehensive line of high quality rectifiers. Address Dept. F-4122. 


ou ote 







Application 






Booster; Bias 
Radio, UHF Converter 
AC-DC (5 tube) 
3-way Radios 
Radios, Television 
B+ Radios, Television 
B+ Radios, Television 
a$ Television 

B-4- Booster; Bios 
Television 
Television 
Television 
Television 
Television 
Television 
Television 

B4- Television 
Vibrator 

B+ Television 

B+ Booster 

Vibrotor Doubler 
Vibrotor Doubler 
Vibrotor Doubler 
Bridge Rectifier 
Bridge Rectifier 

Bridge Rectifier 

B+- Television 

Battery Charger 

Bias Rectifier 
































FEDERAL'S 
RADIO-TV SELENIUM 
RECTIFIER HANDBOOK 


80 pages of valuable de- 
signs, characteristics and 
application. Available for 
50 cents (coin only). 





HIGH VOLTAGE SELENIUM RECTIFIERS 





Federal 


Code 


Number 


147H110Q1 ` 
147H 82Q1 


_147H_ 55Q1 ` 


147H 28Q1 


The FEDERAL System of 


tions 


FIBRE ENCLOSED 


DC Output 
Voltage 


1400 
1050 
700 
350 


ENCAPSULATION 
An entirely new approach to equipment featuring 


design, porticularly where unusual condi- HERMETICALLY - SEALED 


necessitate special applications. 
Permits assembly of transformers, capaci- 


— 


HERMETICALLY SEALED GLASS ENCLOSED 


PLASTIC ENCLOSED 


Max. Max. Peak 
Output Inverse AC Input 
MA-DC Voltage Voltage 
8 4000 1400 - 
8 3000 1050 
8 2000 700 
8 1000 350 


"Single-Crystal-Stabilized'' 
GERMANIUM 
DIODES 


CONSTRUCTION 


tors, resistors, etc. — interconnected — a" dee Dm m p. 

into single blocks of equipment. Such under adverse conditions it will 

assembly facilitates replacement of in- insure long life and the ultimate 

dividual or groups of components with- in reliable performance. 

out necessity of time-consuming repairs. IN34 These type evallsbie: IN63 
Assures excellent thermol shock chorocteristics and resistonce to vibro- IN34A IN51A IN64 
tion ond cracking of sealed unit over wide temperoture range. Embed- uu. A —3— 
ments withstand to —65* C, as wel! as to plus 125* C. For complete IN39 IN56 IN70 
detoils write for Bulletin F-534. INSI INSS INP: 









































I's Federal for... EVERY H-F TRANSMISSION LINE REQUIREMENT 


An Original Development 
by Federal 


Nominal 
Type Capacitance 
Low Temp. zo Per Foot 
Black Jacket Impedance Micro-Micro 


Nominal Inner 
Attenuation Conductor Braid Jacket 
100 Mc. Strards - x 
Ohms Db/100 Ft. ` 


Std. Jocket Forods 


Lu ee E —— — 


RG-5A/U 
RG-6/U 
RG-7/U 
RG-8/U 
RG-9A/U 
RG-10/Utt 
RG-11/U 
RG-12/Utt 
RG-13/U 
RG-14/U 
RG-15/U 
RG-17/U 
RG-18/UtT 
RG-19/U 
RG-20/Utt 
RG-21/U 
RG-22A/U 
RG-23/U 
RG-24/Utt 
RG-29/U 
RG-34/U 
RG-35/Utt 
RG-54A/U 
RG-55/U 
RG-57/U 
RG-58/U 
RG-58A/U 
RG-59/U 
RG-62/U 
RG-63/U 
RG-65/U 
RG-71/U 
RG-74/U'tt 
RG-79/Utt 
RG-79B/UTtt 
RG-86/U 
RG-108/U 
RG-111/UtT 
FTR TYPES 
K-14 
K-38 
KT-107 
K-109A 
K-111 
K-113 
K-200 


A 
RG-5B/U 
RG-6A/U 


RG-8A/U 
RG-9B/U 
RG-10A/Utt 
RG-11A/U 
RG-12A/Utt 
RG-13A/U 
RG-14A/U 


RG-17A/U 
RG-18A/Utt 
RG-19A/U 
RG-20A/Utt 
RG-21A/U 
RG-22B/U 
RG-23A/U 


RG-34A/U 
RG-35A/UTF 


RG-57A/U 
RG-58B/U 
RG-58C/U 
RG-59A/U 
RG-62A/U 
RG-638/U 
RG-65A/U 


RG-74A/Utt 


RG-108A/U 
RG-111A/UTT 


50 
76 
100 
52 
51 
52 
75 
75 
74 
52 
76 
52 
52 
52 
52 
53 
95 


28.5 
20 

12.5 
29.5 
30 

29.5 
20.5 
20.5 
20.5 
29.5 
20 

29.5 
29.5 
29.5 
29.5 
29 

16 


2.4 
2.8 
2.0 
2.1 
2.3 
2.1 
2.1 
2.1 
2.1 
1.4 
1.5 
85 
85 
.68 
.68 


4.0 
1.7 
1.7 
4.2 
1.8 
70 
3.1 
4.2 
3.0 
4.2 
5.3 
3.8 
3.1 
2.0 


3.1 
1.4 
2.0 
2.0 
56 


4.0 


70 
4.0 
6.1 
8.0 
3.4 
4.5 

56 


$1 

cwl 

C1 

C7/#21 
$7/#21 
C7/#21 
17/26 
17/3126 
17/3526 

C1 

cwl 

C1 

CI 

cl 

C1 

Res. wire 
*C7/0.0152" 
*C7/#21 
*C7/#21 

cl 

C7/#21 

CI 
C7/0.0152" 
CI 
*C7/#21 

cl 
T19/0.0071^ 
cwi 

cwl 

cwl 

C1 

CW1 

cl 

cwl 

cwl 
*C7/#21 
*17/#28 
*C7/0.0152" 


cl 
c7/#30 
*C7/#28 
BI 
*B1 
T41/#34 
*C7/#21 


C260 
S264 
C304 
C340 
(2)S355 
C340 
C340 
C340 
C355 
C463 
(2)C463 
C760 
C760 
C990 
C990 
(2)S264 
(2)T355 
C845x446 
C845x446 
C150 
C540 
C760 
T220 
T176 
T540 
T150 
T150 
C191 
C191 
C340 
C340 
T208 
C463 
C340 
C340 


T177 
T355 


C760 
C195 
C191 
T232 
C435x235 
C150 


C—Copper, T—Tinned Copper, S—Silver Plate Copper, B—Bronze, OD in mils (max.) 
V—Vinyl, PE—Polyethylene, NCV—Non-contaminating Vinyl, OD in mils (max.) 


See information in column to right under RG Type Cables. 
Armored (Jacket dimension given is over armor) 


2 inner conductors. 
Inner Conductor Strands column indicates material by same abbreviations as + 
CW —copperweld. 


FOR COMPLETE DATA 


Write for Federal's Catalog on HF Cables, An informative guide to 
characteristics and applications of the industry's most comprehensive 


line of high quality HF Cables. Address Dept. 


D3122. 


V335 
NCV339 
V379 
V415 
NCV430 
NCV475 
V415 
NCV475 
V430 
NCV558 
V 558 
NCV885 
NCV945 
NCV1135 
NCV1195 
NCV339 
NCV430 
V960x670 
1034x735 
PE184 
V640 
NCV945 
PE250 
PE206 


v250 
v250 
V415 
V415 
PE250 
NCV615 
V475 
NCV475 
PE665x300 
NCV240 
NCV490 


NCV885 
v250 
NCV250 
v282 
V490x290 
V200 
PE665x300 


RG TYPE 
CABLES 


WITH THE NEW 
LOW-TEMPERATURE 
NON-CONTAMINATING 
THERMOPLASTIC JACKET 


Federal is supplying low temperature 
non-contaminating jackets on all cable 
types which now call for it and will 
also supply such compounds for specific 
cables to meet customers' requirements. 
The low temperature, non-contaminat- 
ing jacket was an original Federal 
development. 


The new RG types are outstanding 
for their longer service life under the 
most adverse conditions. Their non-con- 
taminating feature means there is no 
reduction in dielectric strength due to 
molecular migration. 


New 
HR* WIRES 


14 to 24 AWG 


High impact strength, resists thermal 
shock. Impervious to the action of cor- 
rosive chemicals and highly resistant 
to most organic solvents. Water ab- 
sorption is nil therefore the corona 
formations and surface flash-over are 
minimized. Low cold flow. Covers a 
wide temperature range (—55°C— 
150°C) to cover any application for 
hook-up wire. Also can be used at 
lower temperatures and higher tem- 
peratures for short periods. 


TEFLON 
INSULATED 
WIRE and CABLES 


Your inquiries are invited on these new 
Federal wires and cables. 


*Heat Resistant 


Federal Telephone and Radio Company 


A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 


100 KINGSLAND ROAD, CLIFTON, N. J. [% Canada: Federal are Stondard.Eleciríe Corp 67 Broad S RS. 

















MAGNETIC AMPLIFIERS - 






INC 


632 TINTON AVENUE, NEW YORK 55, N. Y. ° ri 2-6610 


MAGNETIC AMPLIFIERS 
by 


© Push-pull Magnetic Amplifiers 

e Adjustable Magnetic Servo 
Amplifiers 

e Servo Systems with Magnetic 
Amplifiers 

e Miniature Magnetic Amplifiers 

e M.A. Relays 

e Saturable Transformers 

e Demodulators 

e Transi-mag* — Transistor 

*Trode Mark Magnetic Amplifier 





Educational SERVO 
DEMONSTRATOR by 


e Completely 

Self Contained 
* Powered from 115 V 60 CPS 
For: Laboratory Experimentation, Lecture Demonstration, 
Industrial Training of Development Engineers, Field Service 
Personnel, Sales Engineers. 


REGULATED STATIC 
POWER SUPPLIES hy 


e DC and AC 

Output 
e High Current 
Carrying 

Capacity 

e No moving 
Parts 
e Reliable 





VME SEIS eee =RESEARCH, DEVELOPMENT, DESIGN, MANUFACTURE 
OF SERVOMECHANISMS, MAGNETIC DEVICES, and INDUSTRIAL CONTROLS 


Product Engineering — 1955 Annual Handbook 


/4 to 3 HP PACKAGED VARIABLE 


SPEED DRIVES "€ 


e Fully Automatic 
Stepless Speed Control 
e Close Speed Regulation 


© Rugged, Reliable 


Features Available: Start, Stop, Reverse, Jog, 
Pre-Set Speed, Dynamic Brake. 





DIESEL OR MOTOR — GENERATOR 
OR ALTERNATOR REGULATORS Dy 
e 30 KVA 400 CPS 3 Phase 4 Wire 


115/200 VOLTS .75 PF Packaged Supply 
or ` 


e Design for Specific 


Machines 


Features: 
High Accuracy, Fast 
Response, Ruggedness, 
Reliability, No Tubes, < 
Meets Applicable 
Government Specifications. 





e Displays Output or 
Transfer Curve in 
Grounded Base or 
Grounded Emitter 
» : : 

e Dynamically Displays 
Entire Family of Curves Sim- 

taneously on Oscilloscope 

e Measures PNP or NPN e Internally Generated Cali- 
Junction Transistors and P bration Axes Displayed at all 
or N Type Point Contact Times in any One of Four 
Transistors Quadrants 
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Models J, G, ond K 


Standard Sizes Carried 


Modell Wat 


Ohms 
Range 


oOoo0O0O0UUunuuo 


in. Max. 


| 5,000 
10,000) 
10,000 
10,000 

10,000 
| 2,500 
| 2,500 
| 2,500 
| 2,500 


Max. 
Amperes 


At 
Min. 


At 


5 FOR soe SChEwS 


Model L 


lr 


Models P, N, R, T, end U 
in Stock 


Dimensions 
in Inches 


Steps 
Approx. 
At At Rotation 


Min. Max.| A 8! C€! 


Ohms Ohms|Ohms Ohms 


5.00 
10.02 
12.39 
14.10 
17.30 
15.00 
17.32 
22.30 
27.40 


.070 
.070 
.087 
.100 
-122 
3 

.346 
447 
547 


472 | 14134. 11 
700 | 294134 19« | 


| 295* € 5^ 
| 702 | 234|134 | 1*5; 


300? * 5° 
| 300°+ 5° 
830 | 3'41134| 172. .|300^ + 5° 
929 |2 |29 | %|300°+ 5° 

| 652 2. 2*/3 7$]310? - 5? 
708 234/37 11344315? - 57? 
968 24 454 |114|]325* - 3? 
1170 3 |5% 174|330° + 3° 
3 j6% |3 1335°+3° 


The Ohmite series of close-control, smooth-action rheostats is the 
most extensive available—so extensive as to make it easy to select 
the best size for every application. There are ten wattage sizes 
ranging from the 12”-diameter, 1000-watt rheostat down to the 
1% 6”-diameter, 25-watt rheostat—and many resistance values in 
each size from which to choose. All wattage sizes are available 
for immediate delivery from a large factory stock—and from 
hundreds of distributors. Special variations can be quickly made 
to order. Whatever your rheostat problem may be, Ohmite's appli- 
cation engineers will be glad to work out the exact, most econom- 
ical unit to fit your requirements. 


Features of Construction 


Ohmite Rheostats are constructed entirely of ceramic and metal; 
there is nothing to smoke, char, or shift. All models have insulated 
shafts with provision to keep the rheostat from turning on the 
panel. The resistance wire is wound over a solid ceramic core. 
Each turn is a separate resistance step and is locked against 
shifting by vitreous enamel. The core and base are also bonded 
by vitreous enamel. The pivoted universal-action-mounted contact 
brush is of copper-graphite, or silver-graphite on the heavier cur- 
rent rheostats. Its large, flat surface rides smoothly and gives per- 
fect contact with negligible wear on the wire. Pressure at the 
contact and at the center lead are independent. 

Ohmite Rheostat Models H, J, K, L, and N, when made without 
additional features, are listed under the Underwriters’ Laboratories 
Re-examination Service. Ohmite Rheostats can be made to meet the 
requirements of MIL-R-22A. The construction is patented under 
U.S. Patent No. 1,942,495 and Re-issue 19607; 
pending. 


other patents 


Tapered Windings 


Taper-wound Ohmite Rheostats to meet specific maximum and 
minimum currents and resistances can be supplied to accomplish 
one or more of the following: 1. Provide more nearly linear control 
at all rotational positions. 2. Make possible the use of a smaller 
rheostat. 3. Make possible the winding of higher resistance on a 
given size rheostat. 4. Make possible special curves of resistance 
versus rotation. 


Tandem Assemblies 


Ohmite Rheostats can be supplied mounted two, three, or more 
in tandem for simultaneous operation of several circuits, or of 
the same circuit, by means of one knob. Or, two Ohmite Rheostats 
can be mounted in tandem so as to be separately controlled by 
means of concentrically located knobs. 


Other Features Available 


Special resistance values. Special length bushings and shafts. 
Shafts with slot for screw driver control. Ventilated or dustproof 
cages, also mounting brackets. Off-position rheostats and rheostats 
with toggle switches. Bridged-gap rheostats for unlimited rotation; 
also 360°-wound rheostats. Rheostats with limited rotation, locking 
device, or tapped winding. 


Ratings 


The current-carrying capacities shown in the tables are for use in 
free air. When units are enclosed, these currents should be re- 
duced, possibly as much as 30% to 50%, depending on ventilation. 


For complete information on Ohmite Rheostats, see the Ohmite Industrial Catalog 
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OHMITE 


Many thousands of resistance values and sizes of Ohmite fixed, 
adjustable, precision, and non-inductive resistors are carried in 
stock for immediate delivery—from the factory and from hundreds 
of distributors. In addition, other sizes and special variations are 
promptly made to order. The table at the left gives the wide range 
of core sizes and resistances available. Consult Ohmite engineers 
for recommendations on your specific application. 

Ohmite Vitreous-Enameled Resistors are constructed of a strong 
ceramic core, on which, with unsurpassed uniformity, is wound 
low-temperature-coefficient wire of the largest feasible size for the 
required resistance. Special Ohmite vitreous enamel protects the 
winding and locks the closely spaced wires rigidly in place 
preventing hot spots and assuring long, reliable service. The re 
sistance wire is welded to the terminal lugs to provide a perfect 
electrical connection. Each resistor is plainly marked as to its 
value. 


RESISTORS—Vitreous Enameled 


Fixed Resistors 


Stocked in 25, 100, 160, and 200-watt sizes, from 1 to 100,000 ohms; 
50-watt size, from 1 to 250,000 ohms. 


BROWN DEVILS ®—Furnished with 1'2" tinned wire leads. Usually 
mounted by terminal wires. Stocked in 5-watt size, 1 to 10,000 
ohms; 10-watt size, 0.4 to 50,000 ohms; 20-watt size, 0.4 to 100,000 
ohms. 


THIN TYPE—Only !4" thick, 1" wide. Integral mounting brackets, 
single-unit or stacking type, dissipate heat quickly. In five wattage 
sizes. 


“Dividohm’’;, Adjustable Resistors 


For securing odd resistance values quickly and for easily obtaining 

i Coro Di | multi-tap resistors, Dividohms have a bare-wire side contacted by 

7 eee S Lm. one or more adjustable lugs. Stocked in 10-watt size, 1 to 10,000 
Watt — Outside | Inside Free Air Resis- ohms; 25-watt size, 1 to 25,000 ohms; 50, 75, 100, 160, and 200-watt 
Rating ° Dio Dio. Watts tance sizes, 1 to 100,000 ohms. Standard tolerance: + 10%. Thin-Type Re 
a ss sistors and Corribs are also available with this adjustable feature. 


Watts Inches Inches Inches Ohms Ohms 


2,500 


20 24 13 5,000 5,000 44 fett š 
12 2 184 2/500 Corrib’’ Resistors 
ER UM 13,000 | &— 40000 EU Ohmite Corribs have a corrugated resistance ribbon wound edge- 


11% 1s 42,000 220,000 i securely held in place by vitre 
T T^ 30.000 200,000 wise around the core and Y p y ous 


BY 1% 25,000 155,000 enamel. They are used where resistance is low, and where current, 
64 1s 16,000 115,000 wattage, and required heat dissipation is high. From 90 to 1500 


l4 15,000 100,000 
1 12:000 80,000 watts, .03 to 70 ohms. 


VA 5,000 |  — 22,000 i 
23,000 185,000 š: 
18,000 145,000 E Other Types 


16,000 | 125,000 m ; š š 
14,500 105,000 dA Resistors can be furnished with several types of lugs, wire leads, 


11,500 85,000 E flexible leads, Edison screw bases, cup, sleeve, or cartridge-style 


10,500 75,000 E ferrules, or with "live" brackets. 
9,050 65,000 : 


249 1|. 100 m MULTI-SECTION RESISTORS can be obtained with 10 equal sections 


v tv A ("Multivolts," stocked in 50, 75, and 150-watt sizes), or with taps 
13.000 120,000 | as required on any core size. 


11 E ; ° a 
11000 102000 Ts PRECISION RESISTORS are available in two types—varnish im. 
10,500 95,000 " pregnated under vacuum and the encapsulated type. Resistors are 


000 | 19006 non-inductive, pie-wound, and have tolerances to ^ 0.1?6. Wattages 


7,000 55.000 o range from !4 to 1. Encapsulated type exceeds MIL-R-93A. Bulle- 
5,500 37,500 š tins 126 and 145 give complete details. 

4,500 30,000 I | 

3,500 17,500 cha MIL-R-268 TYPE— Special resistors to meet the requirements of 


20,000 105,000 Asl Specification MIL-R-26B can be furnished. Tab or ferrule terminal 


18,000 85,000 š 
15,000 65,000 3s types, from 8 to 166 watts. 


d 37.009 T JNON-INDUCTIVE RESISTORS — Special non-inductive windings 
12,000 44,000 P g 
10,000 25,000 s can be supplied on practically any type of Ohmite fixed resistor. 
2209 | v Three sizes are stocked: 50, 100, and 160 watts, 5 to 5,000 ohms. 
12,000 | 44,000 s CAGES of sturdy metal available for almost any Ohmite Resistor. 
14,000 | 105,000 
10,000 72,000 ei 
7,000 | 40,000 P TABLE NOTES — Maximum Resistance at Free Air Watts: Units having a resist- 
5,000 | 23,000 TÉ ance higher thon this value should be operated at less than free air watts under 
3,500 10,000 d all mounting conditions. The wattage should be decreased to 2094 at moximum 
2,500 8,000 NE resistance, and proportionally reduced ot intermediate resistances. 
3,500 60,000 3 
2,500 42,000 
1,250 20,000 oo 
750 6,000 Minimum Resistance: One ohm or less (except on 2'/"-diameter cores). When 
ttWhere air circulation is limited, resistors should not be operated at more than ordering low resistances, specify resistance tolerance (generally +10% to 15%) 
50% of rating. i f: and allowable change in resistance with load 
Any of these resistors can be ordered in “Dividohm” adjustable style. i 
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Maximum Resistance: Ohmic valves given are the highest ordinarily required 
but even higher ohms can be supplied when necessary 
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* 
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*¢ Stock Resistors and Recommended Sizes: Units marked thus (t) are wound 
to stock resistances. It is recommended thot these core sizes or those marked 
with on asterisk (*) be used where possible, os such standardizotion facilitates 
manufacture and installation. 


"S CEA 


For complete information on Ohmite Resistors, see the Ohmite Industrial Catalog 
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OHAMITE 


TAP SWITCHES 


Enclosed* 
Non-Shorting 
Power Type 


412 312 212 


Ohmite Power Tap Switches are high-amper- 
age, load-break, multi-point selectors particu- 
larly designed for alternating-current use. 


Their sturdy one-piece ceramic bodies provide 
permanent insulation, unaffected by arcing. 
Switch shafts are electrically dead—insulated 
by strong ceramic hubs. 


Features 


Self-Cleaning, Silver-to-Silver Contacts « All- 
Ceramic Construction * Compact * Totally 
Enclosed * Many Contacts * Non-Shorting 
Action + Low Contact Resistance * "Slow- 
Break, Quick-Make” Action for A.C. + High 
Current Capacity 


I 


Open Type 
Non-Shorting 


ing 


Ratings given are interrupting (and standstill) 
ratings for use only on alternating-current cir 
cuits, inductive or non-inductive. 


Used in switchboards, welders, controls. 
chargers, transformers, X-ray equipment, dia- 
thermy equipment, radio transmitters, etc. 


Open Types: Both shorting and non-shorting 
types are available with from 4 to 12 taps. 
Maximum standstill current is 7 amperes. Max. 
imum current which should be interrupted is 
3 amperes at 120 V.A.C. 


Tandem Assemblies: Both enclosed and open- 
type Ohmite Tap Switches can be supplied 
mounted two or three in tandem to form multi- 
ple-pole assemblies. 


Enclosed Non-Shorting Power Type Data 


Tap Range 


* All models enclosed except No. 111 
t 150 V.A.C. betweeen taps 


For complete information on Ohmite Tap Switches, see the Ohmite 


Industrial Catalog 


Model 111—10 Amp 








* tet 
END POSITIONS 
TOTAL OPERATING ANGLE 330° 30* BETWEEN CONTACTS 


TOT OPERATING 
ANGLE 320° 


30* BETWEEN 


LrEDEX rotary solenoids 


solve remote control problems! 


The many production applications of Ledex 
Rotary Solenoids vary from the dependable, 
snop-action tripping of airborne bomb releases 
to the actuation of rugged, hydraulic valves in 
heavy duty materials handling equipment. These 
compac:, powerful, shock resistant Solenoids are 
manufactured with diameters from 1% to 3% 
inches. Predetermined rotation up to 95° can be 
engineered to suit your product's requirements. 
Starting torques for 45° stroke range from * 
pound-inches to 54 pound-inches. 

Ledex Rotary Solenoids operate on direct cur- 
rent and are adaptable for various types of Magnetic action moves 
power take-offs, mountings and dust covers as hows Aaii caha. n - > 
illustrated at the right. den li exerted iu e 

We supply to quantity users and solicit the op- MÀ by means 
portunity to be of assistance in engineering a clined ium q = 
Ledex Rotary Solenoid to meet your product's —. H l j : 
requirements. b | Model No. [2| Ë ISI S IL 


— 
I 


7] 
I 


Diameter inches [11/8 15/16 1 9/18| 17/8 21/4 |2 3/4| 33/8 
Torque ibs.-inches | .4| 1.0 | 20 | 40| 75 125.0| 54.0 


; l l 
Weight Ibs. -ozs. | 0-2 0-31 | 0-7 | 0-9/1-11/2 2-4 | 4-3 


45° stroke intermittent dut 


LEDEKX circuit selectors and 
stepping relays give remote control 
for multiple complex circuits. 


Ledex Circuit Selectors and Stepping Relays can 
be remote controlled, are Rotary Solenoid oper- 
ated, have positive detent action and are self- 
stepping or external impulsing. Many versatile 
designs of stepping, counting, adding and sub- 
tracting, latching, and circuit selecting relays are 
made possible by the combination of the Ledex 
Rotary Solenoid and wafer type rotary switches. 
Self-stepped or externally impulsed, the device 
is immediately adaptable to many remote control 
applications. A choice of wire sizes permits a 
wide range of operating voltages and power re- 
quirements. Various types of mountings further 
increase its adaptability. In addition to its posi- 
tive control of multiple, complex circuits, a re- 
serve of mechanical power is available for the 
performance of many duties other than switch- 
ing operations. 


_ Write today for complete information on Ledex 
Rotary Solenoids and Ledex Circuit Selectors. 


E * IA 123. WEBSTER STREET * DAYTON 
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FOR ELECTRICAL APPLICATIONS 





INSULATION BY IRVINGTON 


FLEXIBLE TUBING 
Extruded Plastic—Varnished—Coated 


The Irvington line of insulating tubing includes extruded 
thermoplastic and varnished types, for all conductor 
sizes commonly used in electrical wiring. All are char- 
acterized by high dielectric and tensile strength, excel- 
lent flexibility, smooth surfaces and resistance to acids, 
alkalies and fumes. 








Application 


High resistance 
to ozone 
























Airflext Flex. at —90°F. 


| Hyfext — 10°F. te 167"F. 
low- Ivi-Flexț Flex. at — 80°F. 
Temperature Transflexi Transparent: 


— 58°F. to 187^ F. 


Temflexj 105 Cont. Oper. at 


| 105°C. in oir & 
90°C. in oil 
I Braided Gloss** 
| High Silicone Excep. flex., 
f Temperature Rubber-Coated heat endurance 
Silicone Resin- High heat 
Coated endurance 






Rubber-like, 
flexible 












Varnished** 
Irv-0-Voltj 
Tubing—Cotton, rayon and 
glass, varnished inside and 
out; Sleeving—cotton, reyon 
end glass, saturated. 
IRVINGTON: Lacquer-coated, 
cotton, rayon and glass 
tubing. Special types. 









Grade A—7000 
Grade B—4000 
Grade (—1500 


General 
Purpose 


















Grade A—7000 
Grade B—4000 
Grade (—1500 






*Dry test, .020” wali **Meets NEMA VSI-1950 & ASTM Stds. 0-372 


INSULATING VARNISHES 


The varnishes listed here represent a few of the 
many types developed by Irvington for a wide range 
of uses. All these varnishes offer good-to-excellent 
resistance to moisture and heat, and most of them 
also resist the effects of oil, acids and alkalies. Di- 
electric strength ratings in this table are based on 
average short-time tests for a film of varnish on 
paper in the case of baking varnishes; on U.S. Navy 
Specifications in the case of air drying types. 


— 
— J U U U — Catt ALLL CL 
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IRVINGTON 22258 


DIVISION OF MINNESOTA MINING & MANUFACTURING COMPANY 


10 ARGYLE TERRACE, IRVINGTON 11, N.J. > PLANTS: IRVINGTON, N. J; MONROVIA, CALIF; HAMILTON, ONTARIO, CANADA 


IRVINGTON INSULATING TAPES 
AND YARD GOODS 


Available in a wide range of formulations to meet 
such electrical requirements as: high dielectric 
strength; resistance to moisture and heat; flexi- 
bility at high and low temperatures. Table lists the 
more commonly used types; consult our sales de- 
partment for special requirements. 











Strength 
Ibs./1^" width 






Varnished Silk 


Varnished Rayon 
Seca Varnished Nylon 25-30 
quip Varnished Cambric 32 


Varnished Paper 





















Silicone Varnished 
woven glass 
Silicone Rubber- 
Coated Woven 
Glass 
Thin Silicone Coated 
Asbestos Paper 
Silicone Saturated 
Asbestos 
Silicone Coated 
Asbestos 
Teflon§ Coated 
Woven Glass 
Silastic §§ Tape 
Irvington Plastic 


Varnished Woven 


High 


Temperatures 










.006-.007 









.010, .012 









.003-.010 
.010, .015, .020 
.008-.020 






Glass 70-550 
General Varnished Cambric 
Purpose (straight cut) 38-50 


Varnished Combric 
(bias cut) 











Special 
Applications 


*Av. Short Time Test 


STANDARD LAMINATED CONSTRUCTIONS 
WIDTHS AND LENGTHS Polyester film (high dielectric approx. 
Straight cut supplied in 25 and 50 4000 v.p.m.), bonded in duplexed or 
yord rolls. Bios cut supplied in 36 triplexed combinations to 100% rag 
ond 72 yard rolls, 36" wide or tapes or Kraft paper, asbestos paper or 
from %” up. woven glass cloth. 


Chemical, Oil 
and Moisture 
Resistance 


Dielectric 


Horvel 612-C Excellent 
Harvel 912-C Excellent 
Irvington 100 Good 


Irvington 140 Excellent 
Irvington 500 

Irvington 1201 

Horvel 1301 

Irvington 9 

Harvel 902 


Write for Technical Data Sheets and Varnish Selector Chart UPIN 
tTrodemork T.M. Reg. U.S. Pot. Off. $T.M. Reg. U.5. Pot. O8. by Du Pont $8T.M. Reg. U.S. Pot. Off. by Dow-Corning JARVINGT V. 





(an 
* 
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Now ¢ nahe 


* An assembly with 14 

concentric, hard silver 
rings electro deposited 
into machined plastic 
blank. Dovetail locks 
rings in place. Ma- 
chined blank insures 
accuracy. Diameter ap- 
prox. 11”, thickness 
approx, 5/16”. 


"An assembly with 30 
rings of various widths 
to accommodate various 
current requirements. 
Unit is approx. 4-5/16" 
long, designed for 
flange mounting. 


"Cylinder type assem- 

bly approx. 334" long 
with 24 hard silver 
rings. 1545" O.D. with 
wall thickness less than 
V". 


*PATENTS 
PENDING 


a . 
"Cylindrical assembly 


with 25 rings. Three 


wide rings accommo- 
date large contact area 
brushes for high current 
capacity. Length 14", 
O.D. approx. 5?4" 


Ovr Engineering Department 
is available for consultotion 
on any of your slip ring 
problems without obligation) 


` E DL, 


QS CUIR — — 


- Drocess for your 


SLIP RING 
'. ,ASSEMBLIES 


@ LOWER jjCOST * CLOSERTTOLERANCES 
© ONE-PIECE CONSTRUCTION * JEWEL- 
LIKE FINISH © UNIFORM RING HARDNESS 
e REDUCED WEIGHT 


Now a Complete Service 
in all sizes of Slip Ring Assemblies 


ELECTRO TEC is now tooled up, with new expanded facilities for pro- 
duction of large Slip Ring Assemblies to exact customer specification, 
Sizes range up to 24" in diameter, either cylindrical or disc type. 


The exclusive ELECTRO TEC PROCESS*—the electro-deposition of 
hard silver rings into an accurately machined plastic blank—consistently 
yields a high degree of dimensional accuracy, excellent concentricity, and 
a jewel-like ring finish. This process also eliminates expensive tooling 
and mold charges, frequently lowers costs to 30% of other methods of 
manufacture. The silver rings are uniformly hard for long life—75-90 
Brineil, 


ELECTRO TEC one-piece construction precludes dimensional varia- 
tion due to accumulated errors. The plastic base is fully cured before 
rings are plated into it, thus preventing separation of base material from 
the rings. 


ELECTRO TEC LARGE SLIP RING Assemblies are widely used in 
Radar Equipment, Fire Control Systems, Test Tables and many other 
critical applications. Light weight combined with rugged durability 
recommends their use in airborne applications. 


Every user knows the ELECTRO TEC reputation for quality and 
superiority in miniature and sub-miniature slip ring assemblies. 


ELECTRO TEC CORPORATION 


SOUTH HACKENSACK è NEW JERSEY 
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Series SM-20......Sub-Minlature Rectangular Connectors 
Serles 20................... Miniature Rectangular Connectors 


Series H-20 Hermetical Seal Miniature Rectangular 
Connectors 


Serles C-20....................Miniature Hexagortal-Connectors 
(Vibration Proof) 


Series EZ-16 Easy Release Power Connectors 
(Spring Loaded contacts) 

Rectangular Power Connectors 

Series 14 „s... Rectangular Power Connectors 


— | Printed Circuit Connectors evectronic SALES DivisioN Üe UUR-RITSCO CORPORRTIOn 
Miniature Precision Stand-offs 


SPECIAL DESIGNS — submit your connector problems to Write Dept. 55HBC, Dejur-Amseo Corporation 
our engineering department, 45-01 Northern Bivd., Long island City !, N.Y 
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PANEL INSTRUMENTS 


, S — --— Meter. Meets MIL-M-10304. Actual performance records prove that these DeJUR components with- 


. 39V" AS.A. Meter meets MIL-M-6A. Model $312 stand adverse conditions of vibration, heat and moisture. Each is engi- 
° K y a Conserves space. Built to SC-73-3. neered and manufactured to meet rigid government requirements. In 
. Metal Case. Single Hole Mounting. addition to its wide variety of stock instruments, DeJ UR offers top-flight 

1” T Meter. Meets MIL-10304. laboratory, engineering and manufacturing facilities for production of 


Model R112 these precision units adapted to your specifications. Inquiries are invited. 
PRECISION POTENTIOMETERS 


. Multiple * g and external phasing Write for more detailed information on any of the products 
er 


2" Diame ode! C200 TR LS h thi to Dept. 
. Single hole mounting Model C200 4 Ç. a pp asap. sss 
Single Sine-Cosine Model C200 
Dual Unit Model L402 


aeiee | (el De uur -AMSCO CORPORATION 


` Moniimear Card C200. io conet Model 260 A VON FAG 45.01 NORTHERN BOULEVARD, LONG ISLAND CITY 1, 


` Sine-Cosine Cord C200 MANUFACTURERS OF SCIENTIFIC PRECISION EQUIPMENT FOR OVER 30 YEARS 
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LIQUID LEV LEVEL 
CONTROLS 





Type LH Chassis 
For Pump Down Control 
1 Pole N. O. Contacts 





$-700 Pull Type 
Solenoid 


B/W equipment covers all phases 
of liquid level control. It is ver- 
satile and may be used to control 
any liquid that conducts electricity. 
It is simple and positive in action, 
without vacuum tubes, floats, or 
moving parts in the liquid. 


Complete Engineering 
Service 


Our staff of competent and ex- 
perienced engineers will welcome 
the opportunity to discuss all 
phases of liquid level control with 
you, such as interlocking controls, 
programming controls, multiple 
signalling. 


Safety Features 


B/W Controls bring you safety fea- 
tures, such as shutting off pumps 
when pre-determined low liquid 
levels are reached — protecting 
pumps from running dry and burn- 
ing bearings. High level protection 
is also assured, assuring shutoff 
at the proper time. 


Versatile Operation 


B/W Controls are not affected by 
pressures, temperatures, acids or 
caustics, Remote control, if desired. 
Ice free electrodes where neces- 
sary. 


INDUCTION RELAYS e RELAY SWITCHES 
SIGNALS & ALARMS e MULTIPLE PUMP CONTROLS 
CONTROL PANELS e A. C. SOLENOIDS 
MAGNETIC CONTRACTORS AND STARTERS 


MAIL COUPON FOR FULL INFORMATION 


B/W CONTROLLER CORPORATION 
2200-2 E. Maple Road, Birmingham, Mich. 


Firm 

Address 

City 

Attention Mr. 


r 
| 
| 
| Please mail catalog at once to 
| 
| 
| 
| 
| 
| 
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Catalogs 
and 
Bulletins 





Request additional information using 
postcards following page 24 


(U-1) FIBRE ELECTRICAL INSU- 
LATIONS—Insulation Mfrs. Corp. 
Two catalogs, 40 pp. Helpful informa- 
tion on the features and uses of fibre 
and plastic for electrical insulation. 
Many illustrations and complete de- 
scriptions and tabular data on grades 
and properties of vulcanized fibre, 
fishpaper, laminated plastics, spirally 
wound tubing, and reinforced plastic 
rods and sheets. 


(U-2) RESISTORS, RHEOSTATS— 
P. R. Mallory & Co., Inc., Resistor 
Div. Catalog, 28 pp, devoted to wire- 
wound fixed and adjustable vitreous- 
enamel power resistors and power 
rheostats. Contains data about char- 
acteristics of available military and 
commercial designs in the forms of 
descriptions, line drawings with di- 
mensions, charts, curves and large, 
clear photographs. 


(U-3) MAGNETIC IMPULSE 
COUNTER—Kellog Switchboard & 
Supply Co., Bulletin, 4 pp. Data on a 
new type selector switch used to solve 
switching or control problems where 
the intelligence to be registered, stored 
and released is supplied in the form of 
electrical pulses. Has typical operating 
characteristics, wiring diagrams and 
other illustrations. 


(U-4) ROTARY COMPONENTS 
—Servo-Tek Products Co., Catalog 39, 
38 pp. Has illustrations and brief de- 
scriptive data on line of rotary com- 
ponents. Some are: a-c series motors; 
d-c selsyns and step motors; 60 and 
400 cycle servo motors; servo ampli- 
fiers; synchonous and timing motors; 
gyros; selsyns and synchros; motor and 
pump units; d-c gear reduced motors; 
d-c shunt motors; and many others. 

(Continued on p. I74) 
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sulated 
wire on hic 
point molded 
bobbin. 


THE Zaza ANSWER TO 


YOUR SOLENOID PROBLEMS 


@ COMPACTLY DESIGNED —for powerful performance. 


€ SHOCK-MOUNTED — Reduces self-destruction—greatest cause of sole- 
noid failure. 


@ HIGH MOISTURE RESISTANCE—Thoroughly impregnated with insulat- 
ing baking varnish. 


@ ALTERNATING CURRENT TYPES—Welded base construction for hori- 
zontal mounting. Welded or shock-mounted base for vertical mounting. 
Available in standard voltages, push or pull types, J. |. C. specifications. 


@ DECCO D.C. SOLENOIDS—are NOT MODIFIED AC SOLENOIDS. 
They deliver a tremendous force in a small space—ideai for mobile 
equipment. 


@ WAFER-TYPE SOLENOIDS—Dependable, small, short stroke, low 
amperage, push or pull solenoids for small mechanisms and light 
valving. 


@ SPECIAL SOLENOIDS ENGINEERED TO YOUR PROBLEMS. 
FOR COMPLETE INFORMATION 


ON ALL DECCO INDUSTRIAL 
SOLENOIDS + WRITE: 


HORIZONTAL 
PUSH-TYPE— 
WELDED BASE 


| VERTICAL 
PULL TYPE— 
SHOCK- 
MOUNTED 


VERTICAL 
PUSH TYPE— 
WELDED BAS 


A C WAFER 
SOLENOID 


DC 
INDUSTRIAL 
SOLENOID 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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The Fines 
ELECTRICAL 
CONNECTOR 


MONEY CAN 
BUY! 








For All Types of | 


Y 
< ^ 


/ 
, AT 1 i 1 , 
SCIN FLE X ASSURES 
LOW MAINTENANCE BECAUSE 
IT PERMITS SIMPLICITY 


Permanent Magnet 


Applications... 





If you are designing or building a product using 
permanent magnets, you should know about 
When operating conditions demand an electrical General Magnetic Alnico V — the magnet that 
connector that will stand up under the most rugged works HARD and FOREVER. We make magnets and 


requirements, always choose Bendix Scinflex Elec- only magnets—in all sizes and capacities—in all | 
trical Connectors. The insert material, an exclusive vantities 
Bendix development, is one of our contributions to q š 
the electrical connector industry. The dielectric E 
strength remains well above requirements within GENERAL MAGNETIC CAN: 


— 


š the temperature range of —67°F to +275°F. It makes e Show you how to get best performance per 
possible a design increasing resistance to flashover | dollar. | 
and creepage. It withstands maximum conditions ; ial d : | 
of current and voltage without breakdown. But | e Offer latest in materials and processing 
that is only part of the story. It's also the reason | development. 
why they are vibration-proof and moisture-proof. | e Offer inspected uniform quality to any degree 
So, naturally, it pays to specify Bendix Scinflex | required. 


Connectors and get this extra protection. Our sales | : : : 
department will be glad to furnish complete infor- @ Assist you in the design of the product. 


mation on request. 


* Moisture-Proof è Radio Quiet « Single Piece Inserts * Vibration-Proof e 
Light Weight èe High Insulation Resistance © High Resistance to Fuels 


and Oils è Fungus Resistant èe Easy Assembly and Disassembly e 
Fewer Parts than any other Connector * No additional solder required. z N E R A L 


C CORP. 
BENDIX SCINFLEX Bl: “= 


ELECTRICAL CONNECTORS 


SCINTILLA DIVISION of 


SIDNEY, NEW YORK 
AVIATION CORPORATION 


Export Sales: Bendix International Division, 205 E. 42nd Street, New York 17, N. Y. 
FACTORY BRANCH OFFICES: 117 E. Providencia Ave., Burbank, Calif. e Stephenson 
Bidg., 6560 Cass Ave., Detroit 2, Michigan * 512 West Ave., Jenkintown, Pa. * 
Brouwer Bidg., 176 W. Wisconsin Avenue, Milwaukee, Wisconsin © American Build- 
ine, 4 South Main St., Dayton 2, Ohio * 8401 Cedar Springs Road, Dallas 19, Texas 
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Arnold "C" and "E" Cores are made from 
precision rolled Silectron strip (highly ori- 
ented silicon steel) in 1, 2, 4 or 12-mil 
thicknesses and a wide variety of window 
sizes and core areas, for high and low- 
frequency applications. Sizes range up to 
10 Ibs. in 12-mil strip, and from fractions 
of an ounce to hundreds of pounds in thin- 
ner gauges. Cores wound from ultra-thin 
strip (4 mil or less) can also be supplied. 

Insulated strip of the proper width is 


Depending upon the specific properties 
required, Arnold Tape Wound Cores are 
available made of Deltamax, 4-79 Mo- 
Permalloy, Supermalloy, Mumetal, 4750 
Electrical Metal, or Silectron . . . in stand- 
ard tape thicknesses of 1, 2, 4 or 12-mils, 
and in ultra-thin gauges of % and '4-mil 
where required. 

Practically any size core can be supplied, 
from a fraction of a gram to hundreds of 
pounds. Toroidal cores are made in 22 


For use in loading coils, filters, broadband 
carrier systems and networks, for frequen- 
cies up to 200 kc, these Toroids provide 
high Q in a small volume. Characterized 
by low eddy current and hysteresis losses. 
Arnold Powder Cores are supplied in 
four standard permeabilities: 125, 60, 26 
and 14 Mu. They provide constant perme- 
ability over a wide range of flux density. 
The 125 Mu cores are recommended for 
use up to 15 kc; the 60 Mu at 10 to 50 ke; 
the 26 Mu at 30 to 75 kc; and the 14 Mu 


Arnold manufactures permanent magnets 
from all grades of Alnico, although Alnico 
V is usually the preferred type due to the 
high value of energy product of that alloy. 


wound on a mandrel, then heat treated, 
bonded and cut into halves. Careful control 
results in accurately dimensioned and 
matched core halves whose effective air 
gap at the butt joint is very small. 

[In 3-phase applications, the use of "E" 
Cores provides weight and size reduction, 
as well as higher efficiency and possible 
cost savings. Rigid standard tests are em- 
ployed for both "C" and "E" types of 
cores, and special tests where required. 


standard sizes with protective nylon cases. 
Special sizes of toroidal cores, and all 
square or rectangular Tape Wound Cores, 
are produced to individual requirements. 

Used for magnetic amplifiers, pulse trans- 
formers, current transformers, wide-band 
transformers, non-linear retard coils, peak- 
ing strips, reactors, etc., this gapless type 
of core construction results in maximum 
effective working permeability with mini- 
mum flux leakage. 


at 50 to 200 kc. Many of these cores may 
be furnished stabilized to provide constant 
permeability (+0.1%) over a specific tem- 
perature range. 

These Moly Permalloy Powder Toroids 
are available in a wide range of sizes, to 
obtain nominal inductances as high as 
281 mh/1000 turns. They are given various 
types of enamel and varnish finishes, some 
of which permit winding with heavy Formex 
insulated wire without supplementary in- 
sulation over the core. 


Alnico Magnets are quite hard and some- 
what brittle and may be machined only by 
grinding. Most sizes and shapes are manu- 
factured as sand castings and are made to 
the customer's drawings and specifications 
Some types and shapes of Alnico Magnets 
are carried as stock items. 

Some small sizes of magnets may be 
furnished in sintered Alnico, but special 
shapes made in this way require rather 
expensive dies. 


SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION. 


. New York: 350 Fifth Ave. A 


ton 


E 





ROYAL ELECTRIC COMPANY, Inc., PAWTUCKET, R. I. 
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f Cable — here 


 BRIPMÁSTI TER 


< STRAIN 
RELIEFS 


* Permanently anchor 72 "3 | 
exterior conductors Es - | 
e Withstand strains up i 


to 100 Ibs! E 


Low cost, easily installed | p 
GRIPMASTER Strain Reliefs 23 - V » 
anchor cords and cables at point of Ø 
entry and positively prevent loosening 
of the conductor at the terminals. Solve ^A 
your cord and cable failures PERMANENTLY 
wherever exterior conductors supply the J 
power! Underwriters accepted. , 
m E 
FOR EVERY TYPE OF CONNECTION! 
EVERY ASSEMBLY LINE OPERATION! 


GRIPMASTER ALL-METAL TYPE 
Slight pressure permanently positions 
this one-piece type. The strain relief 
forms a smooth metal band which is 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 
Clicks on in seconds, locks securely in 
position. The Clickon forms an immovable ~ 
ring with uniform pressure around the 
coble circumference. 


GRIPMASTER INSULATED TYPE 
Especially adapted to assembly line 
operotions. Forms a neat, compact ring, 


holding the cable in a vise-like grip. 
I, I ed rubber tubes available 
in 5 wire sizes to .790. 
CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS 


GEORGE WALKER COMPANY 


EXCLUSIVE MANUFACTURERS 
118 AMSTERDAM AVENUE, PASSAIC, NEW JERSEY 


GRIPMASTER WIRE 
BINDING SLEEVES — 


Prevent the fraying of 
cord ends. Specially treat. 
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BS — QUALITY 
BRE 


FOR CONTROL PANELS 


Bulletin 700 
Universal 
A-C Relays 


Bulletin 200 
D-C Relays 


Bulletin 350 
Drum Switch 
Bulletin 600 
Small Motor 
Starter Bulletin 713 
Starter and 
Cir. Breaker 


All components of Allen-Bradley control panels, 
Bulletin 609 : , like relays, contactors, starters, timers, fuse clips, 


: i a : E Bulletin 712 
Manual Starter 7 o or terminal strips, are long-established units in 


Starter and 
the A-B line. hile th ld- Disc. Switch 
Bulletin 709 Auto- e A-B line. But while they have been fie isc. Switc 


matin ater iatis tested in thousands of applications, they still are 
9 > continuously tested during manufacture. That's 
u p Am how A-B control maintains its reputation for 
4? Quality. Specify Allen-Bradley. 
' Bulletin 849 
Allen-Brodley Co., 1329 S. First St. I 


Pneumatic 
Milwaukee 4, Wisconsin Timer 


In Canada — Allen-Bradley Canada Limited, Galt, Ont. 


í 


Bulletin 802T 
Limit Switch 


Bulletin 895 


Bulletin 800T Oiltight Push Buttons Bulletin 891 Fuse Clips peres 


i Bulletin 892 Terminal Blocks 
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international 
instruments 


INCORPORATED 


P.O. BOX 2954, 


NEW 


HAVEN 15, CONN 


Il’ and Ie” miniature panel meters 


international instruments, specialists in the design and manufacture of miniature 
panel meters, FIRST in this country to design and manufacture a 1” barrel diameter meter, 
FIRST to produce 1” and 1'4" illuminated meters, FIRST to produce 1'4" DB and VU meters and 
FIRST to develop 1” long scale meters. This record of past achievement plus modern plant and 
‘test facilities, extensive experience and skilled personnel combine to make international 
the logical source for your miniature meter needs. 


international panel meters are miniature D'Arsonval instruments housed in metal cases. 
Models for government or commercial applications are available. Accuracy is within + 3% of 
full scale deflection for DC readings, and + 5% for AC. Model 100 and 150 Meters are easily 
mounted by means of threaded barrel ring. Model 153 Meters supplied with mounting screws. 
A wide variety of ranges are available starting from 0-100 microamperes. Special scales, 
sensitivities, ranges, and other modifications can be produced. Consult our Engineering Department 


giving details of special requirements. 


MODEL 150 


1%" barrel diameter 
Full 90° scale arc, 
scale length 1.322". 


MODEL 153 


1%" barrel diameter 
Designed to meet MIL. 
M-3823 requirements. 


MINIATURE MULTITESTER 


Compact combination 
voltohmeter for test. 
ing resistances and 
AC or DC voltages. 
Meter has sensitivity 
of 8,000 ohms per 
volt on AC ranges, 
10,000 ohms per volt 
on DC ranges. Accu- 
racy + 2% of full 
scale deflection. 


MODEL 100 


1” barrel diameter 
Full 90° scale arc, 
scale length .770". 
Self-contained, ready 
for vse. 


VU METER 
DB METER 


Self-contained and 
ready for use. Avail- 
able in Model 150 and 
153. Also available 
in Model 100 with 
external accessory. 


ILLUMINATED 
METER 


Sealed meter has own 
external source of illu- 
mination. Lamps for 6, 
14.and 28 volts. Easy 
bulb replacement. 
Available in Model 
100, 150 and 153. 


NEW monet 1120 sive invicator 


Single instrument panel opening only 


Pat. Pend. h 


.516" x 1.605”, scale 1.3” long. Hori- 


VERTICAL 
MOUNTING 


Ai 


ENGINEERING DATA SHEETS COMPLETELY DESCRIBING THESE 


zontal or vertical mounting singly or 
with scales together. Dust-proof anodized 
aluminum case with clear plastic cover. 


HORIZONTAL 
MOUNTING 


INSTRUMENTS ARE AVAILABLE. WRITE FOR YOUR COPIES TODAY. 


international instruments 
INCORPORATED 


P.O. BOX 2954, NEW HAVEN 15, CONN. 





Catalogs and Bulletins continued 


(U-5) PLUG-IN UNIT CONSTRUC- 
TION—Alden Products Co. Hand- 
book for 1954. Called, “Ideas-Tech- 
niques-Designs, this handbook out- 
lines plug-in design principles, and 
provides a simple method for engi- 
neers to incorporate them into their 
designs. Has new data and planning 
sheets on plug-in packages and basic 
chassis for unitizing equipment and 
giving it 30 second interchangeability. 
Improvements and newer components 
for indicating and monitoring opera- 
tion of electronic equipment with tiny 
tell-tales are described. 


(U-6) INDUSTRIAL CONTROLS— 
Minneapolis-Honeywell Regulator Co., 
Catalog 8305, 80 pp. Describes and 
illustrates non-indicating electric, elec- 
tronic and pneumatic controllers for 
temperature, pressure and humidity, 
also pneumatic and electric valves, 
switches and relays. Includes specifi- 
cations, dimension drawings, and ap- 
plication data. 


(U-7) AIRCRAFT COMPONENTS 
—General Electric Co. Booklet GEA- 
5972, 20 pp. Products covered range 
from subminiature metal clad capaci- 
tors for use in electronic equipment to 
air turbine drives used in the opera- 
tion of generators, hydraulic pumps 
and fuel pumps. Each product descrip- 
tion is supplemented with a photo. 


(U-8) ELECTRONIC COMPO. 
NENTS—Stackpole Carbon Co. Cata- 
log RC-9, 56 pp. Has helpful informa- 
tion on a line of fixed and variable 
composition resistors, line and slide 
switches, fixed composition capacitors, 
powered iron cores, molded coil forms, 
and ferromagnetic cores. Has com- 
plete electrical and mechanical speci- 
fications, dimensions, and application 
fications, dimensions, application data 
and information. 


(U-9) POWER CONTROLS FOR 
ELECTRONIC SYSTEMS—Automat- 
ic Switch Co. Publication 528, 44 pp, 
describes services and products for use 
on the power side of electronics sys- 
tems. Discusses items designed and 
constructed to RETNA standards and 
covers such controls as automatic trans- 
fer switches, engine-generator starting 
units, differential relays, time delay re- 
lays and complete control panels. In- 
formation is given on such related sub- 
jects are: current surge tests, adequate 
lighting, relay protection; auxiliary 
equipment for engine generators. 
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Really 


* 


INDUSTRIAL TYPE 
RECTIFIERS 


These have proved reliable 
through years of service in vari- 
ous voltage and current combi- 
nations up to several hundred 
kilowatts. Useful for a multitude 
of applications: power supplies, 
magnetic amplifiers, electro- 
plating, battery charging, etc. 





HALF-WAVE RADIO TYPE 
RECTIFIERS 


These stacks can mect the needs 
of many small power applica- 
tions as for instance, relay opera- 
tion. Millions are in use in radio 
and TV. Available for black and 
white as well as color TV in 
ratings up to 750 MA. 


— á 





CARTRIDGE ASSEMBLES 


. . . From tiny, singie cell diodes 
to several thousand volts. Phen- 
olic or glass encased, wide range 
of half-wave, bridge and center 


RECTIFIERS FOR 
MAGNETIC AMPLIFIERS 


Designs will be submitted to meet indi- 


vidual requirements. 


>iNeletroni 


HIGH TEMPERATURE 


TYPES 


These selenium rectifiers are 
capable of operating in an 


eus | 


EMBEDDED RECTIFIERS 


For adequate protection in military 
and other stringent uses. Recom- 
mended for use where size and 
weight are important considerations 
such as in aircraft applications. 


HERMETICALLY 
SEALED UNITS 


Built to special requirements 
to meet unusually severe con- 
ditions. Designed to meet 
individual needs. 


ambient temperature of 
125°C. with no increase in 
the size of the cell as com- 
pared with a similar rectifier 
operating in a normal 


ambient. 


Our engineering department will be glad to aid you in the 
solution of your rectifier problems. Submit your requirements 
and let us make recommendations . . . without obligation, 


of course! See our catalog in Sweet's Product Design file. 
For additional information write for the fo!!owing bulletins: 


PE-177— Listing industrial and Half-wave Radio Types. 
PE-172—Selenium Diodes. 
PE-178—Cartridge assemblies. 


Seletron and Germanium Division 


RADIO RECEPTOR; COMPANY, INC. 


In Radio and Electronics Since 1922 
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CERRAR | 


CPI super high-temp thermal switch 


| "4 


"4 


rá 


© FASTER RESPONSE DUE TO 
LOWER THERMAL MASS 


© MAINTAINS UNUSUALLY 
CLOSE TEMPERATURE 
CALIBRATION 


* OPERATING 
TEMPERATURES TO 1700°F 


e@ OVERSHOOT TO 2000°F 


* MAXIMUM VIBRATION 
RESISTANCE 


Mt ELUUSNUM IU 
TEMPERATURE ALLOYS 


e LIGHTWEIGHT 
(Approx. 6 ounces) 


e PLATINUM IRIDIUM 
CONTACTS FOR LONG LIFE 


CONTROL 
PRODUCTS 
INC 


NEW E RY 


Catalogs and Bulletins continued 


(U-10) CONTROL TRANSFORM- 
ERS—Acme Electric Corp. Booklet 
MTC-194, 4 pp. Data on a new line 
of machine tool control transformers 
designed to compensate for the induc- 
tive, low power factor characteristics 
of contactors, relays, solenoids, and 
switches. Charts give specifications and 
dimensions, and sets of curves may be 
used to determine the requirements of 
any application under 575, 460 or 230 
primary voltages. 


(U-11) TIME SWITCHES—General 
Electric Co. Bulletin GEA-5965, 24 
pp. Has many illustrations plus data 
and specifications on a line of process 
timers, time switches, and time meters 
Has selection and application informa- 
tion, features, and operating data of 
the various types of models available 


(U-12) CERAMIC CAPACITORS 
Centralab. Five Technical Bulletins, 
16 pp. Has information on special 
types of ceramic capacitors. Those 
covered are: single and dual BC disk 
capacitors; five types in single and 
multiple section ceramic trimmers; 
types of tubular trimmers; feed 
through capacitors; and high accuracy 
capacitors. Has illustrations and speci 
fications of all models. 


(U-13) CAPACITORS—Cornell-Du 
bilier Electric Corp. Catalog 200 D, 
36 pp. Lists all the data for any of 
the 134 types of replacement capaci 
tors. Information includes diagrams, 
and specifications. Capacitors listed as 
ceramic, electrolytic, metallized paper, 
mica, motor start, mylar, paper, paper 
oil, and photoflash. 


(U-14) ELECTRO-MAGNETIC RE- 
LAYS—Potter & Brumfield Co. Bro- 
chure. Contains papers selected from 
those given at the 2-day Symposium on 
Electro-Magnetic Relays at Oklahoma 
A&M College. Covers all factors con- 
nected with the design, manufacture 


and use of relays. 


(U-15) CURRENT-LIFTING RE- 
ACTOR S—Westinghouse Electric 
Corp. Booklet B-5918. Pointing out 
that “Type MSP” reactors are now 
available for installation on industrial 
branch circuits, this booklet describes 
two ways they provide cost savings 
Use of shields to confine stray flux is 
discussed as well as other construc- 
tional and operational characteristics 
of the 12 standard designs available 
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INSTRUMENT CORPORATION 
. OF AMERICA ' 


i One-piece construction* 

P 3 assures high accuracy and 

NN super-dependability to the 
NY most rigid specifications. 
S % , 
` 


x 


* 


pre« on instruments $ 


and equipment including 
SYNCHROS, GYROS, RADAR 

FIRE CONTROL, TEST TABLES 

nd other CRITICAL APPLICATIONS 


Product Engineering — 1955 Annual Handbook 





Lets talk about 


Insulation... 


Mr. Edward E. Colligan, Vice President and General 
Sales Manager, Chase & Sons, Inc., Randolph, Mass. 


New Chase materials 
offer many advantages to 


Electrical Manufacturers 


If you are searching for new ways 
to conserve space and lower produc- 
tion costs . . . and who isn't . . . take 
a good look at these new Chase elec- 
trical insulating materials. 


Chasbestos is a composite material 
made of various combinations of 
highly purified asbestos sheet and 
du Pont Mylar® Polyester film. 
Chasbestos makes an excellent Class 
"B" insulation. It is available in 
sheet, roll and tape form, with a wide 
range of lasting dielectric qualities. 


Glasterra is another Chase com- 
posite insulation incorporating glass 
yarn or fabric with asbestos paper 
and a Class "B" or silicone varnish. 


Glasterra is produced in various com- 
binations as Class "B" and Class "H" 
insulation, in sheets, rolls and tapes. 
All of these thoroughly tested, 
pyrolysis - resistant Chase products 
are engineered to withstand maxi- 
mum temperatures in minimum 
space. Variations can be designed 
to meet your specific requirements. 
Chase also makes slot insulation, 
in combinations of du Pont Mylar® 
and rag or kraft paper. The design 
advantages and manufacturing econ- 
omies of these new Chase materials 
are worth your thorough investiga- 
tion. Write for samples and Tech- 
nical Bulletins. Chase & Sons, Inc., 
Randolph, Massachusetts. 


FRICTION TAPE 

RUBBER SPLICING COMPOUND 

NEOPRENE SPLICING TAPE 

PLASTIC ELECTRICAL TAPE 

HIGH AND LOW VOLTAGE INSULATING TAPE 
RUBBER AND PLASTIC COATINGS 

CLASS "B" AND "H" INSULATION 


Catalogs and Bulletins continued 


(U-16) COUNTER-AND-SWITCH 
UNITS—Counter & Control Corp. 
Bulletin 202, 34 pp. Describes the 
line of Cyclo-Monitors, control devices 
incorporating a single pole, double 
throw switch, and a pre-determining 
counter. Upon reaching the pre-set 
count, the switch is automatically 
opened or closed for a brief interval, 
and returns to the original position. 
Has many illustrations, and character- 
istics and specifications. 


(U-17) THE AMPLIDYNE—Gen- 
eral Electric Co., Bulletin GEA-4053B, 
24 pp. Amplidyne systems, how they 
operate, and where they can be used 
are described. Includes multi-color 
cross-sections, circuit diagrams, charts 
and photos. Called “the short circuit 
that moves mountains," the amplidyne's 
electrical principles are explained step- 
by-step, and applications illustrated. 
Ratings from 2 to 25 kw. 


(U-18) ELECTRIC HEATING 
UNITS—Watlow Electric Mfg. Co. 
Catalog, 42 pp. Has complete engi- 
neering data with information on how 
to select and apply: strip, cylindrical, 
ring, cartridge, tubular, and immersion 
type heaters. Also sections on sealing 
devices and hot plates, heater controls, 
insulators, and leads. Has wiring dia- 
grams, recommended voltages, rec- 
ommended wattages, installation, and 
other helpful information. 


(U-19) AUTOMATIC PRODUC- 
TION CONTROL—Reeves Pulley Co., 
Bulletin G-537, 24 pp. Describes not 
only the controls available, but also the 
means of solving problems involving 
the control of tension, acceleration and 
deceleration, velocity and peripheral 
speed, synchronization of one or more 
machines, and the maintaining of uni- 
form temperature, pressure, liquid 
level, flow and others. Has photos, 
line drawings, and graphs. 


(U-20) BIMETAL STRIP THER- 
MOSTATS—Stevens Mfg. Co., Inc. 
Bulletin, 2 pp, describes company’s line 
of Type W bimetal strip thermostats 
for use in refrigerators, rectifier fans, 
electronic and avionic devices and in- 
dustrial apparatus requiring sensitive, 
precise control of high-wattage heater 
loads is described. Operating princi- 
ples, ratings, construction details, di- 
mensions and various terminal arrange- 
ments shown in diagrams, tabular data 
and photographs. 
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Please Refer to Dept. 106 


connect with 


CANNON 
PLUGS 


For Aircraft, 
Electronics Instruments 


For Aircraft 
Vibration Resistance— Moisture Proof 


NEW AN-E 


For High Pressure 
Applications 


For Open Flame 
Protection 


STEEL SHELL 
FIREWALL 


For General Circuitry 
in More Rugged Applications 


For Rack-and-Panel 
Applications 


For Audio and 
Low Level Circuits 


P, XL 


For Portable Radio and 
Other Audio Circuitry 


D,U 


For Extra Rugged Service 


2E, AO 


CANNON ELECTRIC COMPANY, 3209 Humboldt St., Los Angeles 31, 
California. Factories in Los Angeles; East Haven; Toronto, 
Canada; London, England; Paris, France. Contact our 
representatives and distributors in all principal cities. 
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for better electrical 


and electronic equipment 


AN, AN-A, AN-B, AN-C, (AN) F, O(*)AF... conforming to 
Specification MIL-C-5015B. 15 diameters and 260 in- 
sert layouts. 6 shell styles, AN3100 to AN3108 with 
all accessories. 


AN-E Series... environment resisting. Replaces AN-M. 
Meets Specification MIL-C-5015B. Resilient inserts. 
Completely sealed from cable to cable. Integral cable 
clamp. New grounding lugs. Interfacial sealing with 
improved grommet and new grommet follower. 
Lighter than AN-M. 


Hermetically sealed connectors... with steel shells and 
contacts to withstand high pressures. Available in 
Series GS (AN type), KH, RKH, U, DAH, BFH, 
TBFH, DBH, KH30. Insulation is a glass material, 
fused under high temperature to shell and contacts, 
thus forming a true hermetic seal. 


AN-K and Cannon K Firewall or High Temperature Connectors 
... Offer you the greatest variety of this type of con- 
nector. Cannon made the first firewall connector and 
continues the leader in the field. Wall-or box-mount- 
ing receptacles. Straight or angle 90° plugs. Crimp-on 
contacts. Inserts of asbestos-filled or glass-filled ma- 
terial. 


K, RK Series .. . Special Acme thread. Rugged. 7 basic 
shell shapes, 8 diameters, and 220 catalogued insert 
layouts. The all-purpose line. 


DP, DPB, DPD, DPD2, DPD2R, DPR, DPA, DPX (miniature), and 
DPM Series .. . rectangular in shape with many insert 
layouts in DPB and DPD. With and without shells, 
coaxials and high voltage contacts. 


P, XL, X, XK, O, UA, BRS Series, the original microphone series 
... many shell styles and insert layouts. Straight and 
angle 90° plugs with various mounting receptacles. 
UA features 3 gold-plated contacts; Latch lock types. 


Sub-Miniature Connectors...The D and U Series for 
cord-end, rack-and-panel applications. The D Series 
has 3 basic shapes, up to 50 contacts. The hermeti- 
cally-sealed U Series, cylindrical with 4 basic shell 
sizes, accommodates up to 12 contacts. K miniatures 
may be potted. 


2E Series, and AO... 2E connectors are sealed power 
type (Signal Corps type), waterproof and pressur- 
ized. Easy to wire. AO Series (Ordnance type) con- 
nectors, designed for armored vehicles, can be used 
for heavy-duty moisture-proof applications of gen- 
eral industrial nature. 


MILII 


CANNON 


Send for a copy of the 


"S 
ON 
wy 
CANMON 
ELECTRIC 


Cannon Plug Guide. 
Be sure to see 
Cannon's informative 


16mm technical film. 
Ask for ‘‘Contact’’. 





°. Catalogs and Bulletins continued 
Have You A Design Problem 


I ] . S ° h 2 (U-21) SYNCHRONOUS MOTOR 
CONTROL—General Electric Co., 
— vng witches: Bulletin GEA-5873, 16 pp. Their op- 
z eration and control are described, 
along with an explanation of the areas 
where control is essential. Problems 
common to synchronous motor applica- 
tions and their solution by using the 
correct control equipment are ex- 
plained. Also has illustrations and 
rating and dimension data. 


(U-22) VARIABLE TRANSFORM- 
ERS—Standard Electrical Products Co., 
Booklet 1053-5, 18 pp. Gives design 
and construction details, dimensions, 
and performance characteristics of the 
various models of auto, isolated 
metered variable transformers for 
built-in and bench applications. Illus- 
trations show panel mountings and 
ganged assemblies, along with circuit 
diagrams. 


(U-23) ELECTRIC HEATING ELE- 

MENTS—Acra Industrial Electric Co., 

Q NY T UL ul Bulletin, 20 pp. A guide to the proper 
N Ú application of heating elements when 
Standard used in connection with production 


Whether you're designing a new ur 
and industrial applications. Has com- 


d desk E 
aa L. SW ITCH ES plete data on clad strip and band heat- 


ing one, chances are that the : 
Acro-Mu switches can ease your ers, wrap-around drum heaters, ring, 


path. You see, no other line of = Meet Most cartridge, and tubular heating ele- 
snap-action switches comes in so a) i y ments. Has a chart of specific heats 
many standard types. Hence, you T Dra LL ' of materials—solids, liquids, gases— 


can in all probability profit from graphs, examples of heating problems, 
the important savings of being OFTEN REDUCE many illustrations and other helpful 


: : COSTS, T 
able to use a production line — data. 


Acro or Mu switch for your 
(U-24) KEY SWITCHES—Auto- 


special needs. Too, there may i EAk e 
be the opportunity to improve MEW matic Electric Co. Catalog 4018-D, 30 


your products’ performance . . . CATALOG pp. Contains specifications and general 


to solve production bottlenecks data on key switches, impulsing de- 


š This new 36 page cat- ; ite P i 
... to lower costs. Why not find — eig belongs in every vices, switchboard lamps, jacks sad 
out today? Write us and one of — — caps, and other control devices. Also 
our sales engineers will call. vinh gr cnt. ge data on limit switches, target indica- 


other specifications for tors, rectifiers and fuses, and adjusting 
necrly 100 types of . . ° 
Acro-Mu Switches. Write tools. Has illustrations of each unit. 


for your copy today. 
(U-25) TIME DELAY RELAY — 


The Biggest Line of Little Switches Elastic Stop Nut Corp. of America. 
Bulletin SR 5, 4 pp. Describes a new 

ACRO SWITCH DIVISION — hermetically sealed time delay relay 
— which measures 2l$x2555x37$ in. 

and weighs only 1.2 Ib. It meets mili- 

tary requirements for vibration, shock, 

acceleration, temperature resistance, 

and is unaffected by voltage variations. 

Sealed against dust and moisture. 

COLUMBUS 16, OHIO Length of time delay is externally ad- 

justable over a range from 0.030 to 

Plants at Columbus and Hillsboro, Ohio 120 sec. Includes complete mechanical 


REPRESENTATIVES IN ALL PRINCIPAL CITIES and electrical specifications. 
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ALARM m 


NYU] 


STOPS TIME IN ITS FLIGHT 


MN 
» * 4 We He + " 
£u An PN N ` — v * 


High Speed Stop Clock Accrued Seconds Indicator With 
Fluorescent Dial and Hands . . Also Available for Other Intervals. 


This new, hermetically-sealed Stop Clock further enlarges 
the complete line of A. W. HAYDON COMPANY A.C. 
and D.C. Timers, time delay relays and timing motors. 
This accurate, panel-mounted timer totalizes hundredths 
of a second up to a minute. Hermetically-sealed, it weighs 


SPECIAL FEATURES: 

@ Precision timing measuring hundredths of seconds to 
one minute. 

@ Automatic reset - Hermetically sealed - For operation on 
50, 60 or 400 cycles A.C. or 20-30V D.C. 400 cycle 
unit has D.C. clutch. 


A. W. HAYDON COMPANY TIMING DEVICES HAVE 


PROVEN SUPERIORITY 


MINIATURE — HERMETICALLY SEALED 
TIME DELAY RELAY 6400, 11400, 24300 
SERIES 


@ Single or multiple switching. 


@ Delay periods from 2 seconds to 3 
hours. 


@ AC-DC or 400 Cycle Power. 


MINIATURE — HERMETICALLY SEALED 
REPEAT CYCLE TIMER 3600, 13600, 
24400 SERIES 


@ 1 to 10 Switches. 
@ Wide choice of Cycling Time. 


@ AC-DC or 400 Cycle Power. 


GENERAL SPECS. FOR MINIATURE HERMETICS 


2\” Diameter Round Aluminum Housing — Flange or 3 Stud Mounting. 


—Sigss seg] terminals 9r peader ec AN «enoector 


A. W. HAYDON CO. 400 CYCLE MOTOR 
24100 SERIES has improved performance 
for aircraft use. 


@ Light in Weight — Small Compact 
Size. 


Q Now... you can run timing systems 
directly from 400 cycle power. 


@ Features fast start and stop, as well 
as high torque and reversibility. 


© Get all the facts in the new A. W. 
Haydon Co. catalog, described 
below. 


SERIES 5300 D. C. TIMING MOTOR 
@ Rugged, Accurate, Reliable, 


@ Compact . . . Reversible, variable 
speed. 


@ Special windings available for opera- 
tion from vacuum tubes or as tachom- 


PREFERRED WHERE 
PERFORMANCE IS PARAMOUNT 


SEND FOR CATALOG 
PEAH 
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REPEAT CYCLE TIMER A. C. SERIES 
13600 OR D. C. SERIES 3600 


@ Durable . . . Long life. 
€ Wide range of time cycles. 
@ Multiple control circuits. 


@ Easily adaptable to meet specific 
requirements. 


HERMETICALLY SEALED TIMER 

SERIES 66422 
New Hermetically Sealed Time Delay 
Relay is Adjustable. Lightweight her- 
metically sealed enclosure is provided 
with adjustment knob and glass win- 
dow to view calibrated dial. Provides 
complete protection from environmental 
condition, but allows variation of time 
delay period. Many ranges available. 
Standard hermetic housing available 
for all timers. 


E 


A.W-MAYDON 


COMPANY 


244 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 


Design and Manvfacture of Electro-Mechanical Timing Devices 
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COMPACT 
DEPENDABLE 
LONG LIFE 


AMRECON 
«i-suseoss RELAYS 


In Current Ratings up to 25 amp a-c or 
d-c, and in All Standard Voltages 
Amrecon relays are small, compact units that can handle 
power loads ususlly demanded of larger, heavier relays. 
Careful design and construction make them an exceptionally 
dependable line for such diverse applications as industrial 
controls, aircraft controls, etc. When the wire size permits, 
cellulose-acetate sealed coils, which give a high degree of 

protection from ambient conditions, are used. 

Amrecon relays are available with screw, plug, or solder- 
wire terminals; with five standard contact arrangements; 
and with hermetically sealed or dust-protective enclosures. 
Thirty different types now 
available from stock. Amre- 
con's engineers will also be WRITE FOR 
FREE CATALOG AND 


rlad to help y work 
gen ee ee DESCRIPTIVE BULLETIN R-10 


special relay applications. 


AMERICAN 
RELAY & CONTROLS, Inc. 


3641 Howard St., Skokie, Illinois 
(Suburb of Chicago) 


A Subsidiary of OHMITE” a 
184 


THOROUGHLY EQUIPPED 
PLANTS and over. 


WW YEARS EXPERIENCE 


bring you precision parts by 


PRECISION-WOUND COILS: Paper section, form 
and bobbin wound coils for practically every 
electrical purpose. 


QUALITY TRANSFORMERS: Compact, efficient, 


transformers custom-built exclusively to your 
specifications. 


LONG-LIFE SOLENOIDS: Solenoids constructed 
to exacting standards to assure long, depend- 
able service. 


USE OUR COOPERATIVE SERVICE: Send B/P, 
Sample or data for immediate estimate. No 
obligation. 


DORMEYER INDUSTRIES 


FACTORIES IN CHICAGO AND KENTLAND, INDIANA 
3414 MILWAUKEE AVENUE * CHICAGO 41, ILLINOIS 


Have you considered this 2 


AID for AUTOMATION 


CYCLO-MONITORS: 


PRE-SET over a wide range of numbers. No 


tools required. 


COUNT shaft revolutions, lever strokes or elec- 
tric impulses. 


TRANSFER a built-in single pole, double throw 


control switch. 


HOL switch in transferred position for a con- 
trolled interval. 
switch to nor- 


RETURN sich 10.20 
6, REPEAT automatically— 


with absolutely 
no interruption of the count- 
ing process. No lost counts 
or time lag. 


CYCLO-MONITORS are avail- 
able in many forms—in- 
cluding models arranged for 
your special requirements. 


Write for Bulletin 202-1 


COUNTER & CONTROL CORPORATION 


5225 W. ELECTRIC AVE. * MILWAUKEE 14, WIS. 
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NEAT 
LA 
EFFICIENT 
A 
EASY -TO-SERVICE 
i 
HIGHEST QUALITY 


ug y 
HERMETICALLY SEALED 
SERIES 595.P 


Jobbers who supply indus- 
trial accounts can get com- 
plete specifications on 
Guardian Relays and Sole- 
7*— by sending for Catalog 
10-C. 


K-320 KEYING RELAY 
Stock these popular attrac- 
tively packaged Guardian 
radio relays. Write for Cata- 
log R-10 
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NO. ! A.C. OR D.C. SOLENOID NO. 16 A.C. SOLENOID 


Guardian A.C. and D.C. Solenoids are available for either 
Intermittent or Continuous duty. Adjustable strokes range 
from Ye" to over 2”; lifts range up to 5 pounds. Standard and 
power types; laminated coils available. WRITE for new 
SOLENOID BULLETIN SOL-8. 


New fast acting, long life 
Type P Steppers are now 
available with a variety of 
auxiliary discs, switch banks, 
fingers, etc. Beryllium copper 
shutters; micro-finish surface 
ratchet, dog and 
pawl mechanisms. Operate 20 


on shaft, 


steps per second. Continuous 
Rotation or Electrical Reset 
(illustrated) models available. 


Type MAS Midget Add and 
Subtract Steppers are particu- 
larly versatile units. Steppers 
can be ordered independently 
or for use with Guardian Sol- 
enoids, Relays, Switches or 
complete control assemblies. 


WRITE TODAY for new 
STEPPER BULLETIN NO. 
10, describing details of these 
and many other units from 
the complete line of STEP- 


PERS BY GUARDIAN. MAS STEPPER 


For New Cost-Free Guardian Catalogs or Specific Recommendations— WRITE 


GUARDIAN 


1621-H w. WALNUT STREET 


A COMPLETE LINE OF RELAYS SERVING AMERICAN 
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ELECTRIC 


CHICAGO' f. 


INDUSTRY 


ILLINOIS 





Catalogs and Bulletins continued 


(U-26) HYDRAULIC-MAGNETIC 
OVERLOAD RELAY—Heinemann 
Electric Co. Bulletin 5101 A, 4 pp. 
Has complete engineering data, model 
specifications and information on the 
application of the Silic-O-Netic over- 
load relay. Includes a description of 
the hydraulic-magnetic operating prin- 
ciple, and shows the principle in 
graphic form, along with data on the 
hermetically sealed time element. Has 
specifications for all models. 


(U-27) PERMANENT MAGNETS 
—Carboloy Div. General Electric Co. 
Bulletin PM-111, 6 pp. Latest infor- 
mation on the uses, design, properties, 
and manufacturers of permanent mag- 
nets, sintered grade 5. Contains charts, 
graphs and photomicrographs in ex- 
plaining magnetic and physical char- 
: acteristics. Also has a table of dimen- 
NYLON JACKETED WIRES ; sional tolerances. 


(U-28) TANTALUM CAPACITORS 

—Fansteel Metallurgical Corp. Bulle- 

tin 6.100-1, 4 pp. Describes a new 

x series of tantalum capacitors of the 

|— — r ' | ; porous tantalum electrode type. Lists 

LACQUERED WIRES i and illustrates 3 sizes of capacitors in 

a variety of capacity and working volt- 

age ratings from 325 mfd at 6 v d-c to 

25 mfd at 125 v d-c. Curves show 
temperature characteristics. 


SHIELDED WIRES & CABLES 


— (U-29) ELECTRONIC EQUIPMENT 

INSTRUMENT WIRES : ; — Westinghouse Electric Corp. Book- 

^ let B-6093, 16 pp. A summary of 

p t RR equipment available for use in the elec- 

inanan ; ! tronics industry, the booklet gives de- 

i scriptions, applications, and operating 

š ranges for such equipment as surge 

w comparison testers, portable balancers 
UL LISTED APPLIANCE WIRES | : s s 

FOR 80 C, 90 C AND 105 C ' and vibrographs, magnetic amplifters, 

s ; : transistors, capacitors, relays, and oth- 

| ers. Also has information on such 

SPECIAL WIRES & CABLES semi-finished material as transformers 

— — cores and magnetic materials and the 


cuESTER IEEE 


(U-30) VOLTAGE REGULATORS 
—Westinghouse Electric Corp. Book- 
let, 20 pp. Fundamental application 
factors of step and induction voltage 
regulators are discussed, and charts are 
used to show graphically what popular 
practice is today. Both types of regula- 
tors are compared from the stand- 
points of maintenance characteristics 
and the speed of response factor. Sta- 
tion and pole-type regulators—both 
step and induction design—are de- 


scribed in detail. 
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Catalogs and Bulletins continued 


(U-31) MAGNETIC IRON POW- 
DERS—Magretic Powders, Inc. Cata- 
log 354, 8 pp. Covers complete tech- 
nical data, including photomicrographs, 
frequency vs. Q charts, and permeabil- 
ity rating graphs on uses and applica- 
tions of annealed carbonyl iron 
powders, hydrogen reduced iron 
powders, and magnatites. 


(U-32) MAGNETIC AMPLIFIER 
—General Electric Co., Bulletin GEA- 

5950, 8 pp. Data on Amplistats (self- 
saturating magnetic amplifiers) for 
high-gain d-c amplification in control 

and instrumentation circuits. Explains | EE 
theory of operation, defines terms, and J 
shows characteristics with graphs and ; 
charts. 


(U-33) MINIATURE PRECISION ] © E ES D *- de 


CONNECTORS—Gorn Electronics. 
Bulletin, 6 pp. Has complete engineer- 
ing data on a line of precision connec- 


tors for 1 to 100 contacts, suitable for I i 

portable, airborne, rack to panel, and : » 
cable to panel applications. Male con- 

tacts, brass; female contacts, spring 

temper phosphor bronze. Has illustra- gout wt ai 
tions and diagrams of many types. ) i ne LN 


wil 


Pap. 


vy, sare, WE 


RH 
RS aine 


SR 
WIRES Spiral M 


—Delco-Remy, Bulletin 1S-100, 10 
pp. Illustrations and data on a line of 
mechanical switches such as: ignition; 


lighting; headlight; panel lamp; foot ; 


(U-34) MECHANICAL SWITCHES I 


selector; starting switches; testing 
manual starting switches; signal; and 
miscellaneous types. Has phos, cut- 
away, and schematic diagrams of the 
various types. 


(U-35) INSTRUMENT BEARINGS 
—New Departure Div., Catalog, AIB, 
28 pp. Deals with the classification, 
design and operating requirements of 
instrument bearings, and includes 
many examples of application to in- 
struments. Descriptive details and di- 
mensional data are included, plus 
many cutaway drawings. 


(U-36) TRANSITOR DATA—CBS- 
Hytron Co., Bulletin E-212, 8 pp. 
Completely illustrated, the manual is 
divided into three parts: theory; data; 
and application. Included are 9 differ- 
ent basic transistor applications. Both 
point-contact and junction transistor 
operations are explained. Has many 
line drawings, graphs, and specifica- 
tions that are of special interest to de- 
sign and application engineers. 
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Catalogs and Bulletins continued 


(U-37) HERMETIC TERMINALS 
—The Fusite Corp, Booklet, 20 pp. 
Describes a complete line of hermeti- 
cally sealed glass-to-steel electrical feed 
through terminals. Ten different 
groups are described and drawn in de- 
tail Included are: miniature singles; 
standard size singles;  stand-offs; 


HTML EY TRAE prone i rei 
LEE ET TE ias 


complete engineering data and con- 
struction features of the 50, 75, 100, 
and 150 watt rheostats. Contact arm 
uses a new bus bar type brush which 
adjusts itself automatically to com- 
plete and continuous contact. 


(U-39) PUSH-PULL CONTROLS— 
Arens Controls, Inc., Catalog Titled, 
"Guide to the Selection and Applica- 
tion of Push-Pull Controls," it con- 
tains practical engineering data, factors 
to consider in planning control appli- 
cations, plus blueprints and illustra- 
tions of the various control models. 


(U-40) ALUMINUM ELECTRICAL 
CONDUCTORS—Aluminum Co. of 
America. Booklet, 20 pp, traces the 
history of this company’s conductor 
research, covering both its pioneer- 
ing development work and present 
projects. Among the developments de- 
le wormer is ll scribed are all-aluminum cable, steel- 

qu beating Teckel, or oF oe with © mig = reinforced aluminum cable, expanded 
pro X Coste. j steel-reinforced aluminum cable, bus 
— conductor and accessories. Special en- 
pay Een pom dee gineering work carried out on vibra- 

tion and sag factors is also described. 


Mighty Mite Thermal Controls are pre-set Š E 
and accurately calibrated at ihe factory (U-41) THERMISTORS—Carboloy 





for uniform, dependable operation. No Dept., General Electric Co. Booklet 

adjusting or re-setting necessary. Simple TH-13, 52 pp, tells what thermistors 

to install, without modifying product de- are, how they are applied, what func- 

This vaporizer cannot burn itself out. A Mighty Mite sign. Available in a variety of terminal tions they perform and what benefits 
avtomotically disconnects the circuit when tempero- connections. Write for catalog. derive from them in detecting and 


ture reaches danger point. 

compensating temperatures and pro- 
viding time delay or surge control in 
electrical equipment. New information 
on thermistors is included, such as tests 
by an independent laboratory, charac- 
teristic curves for a thermistor carry- 
ing current in thermal equilibrium 
with the ambient and for one where 
the time delay function is of primary 
interest, applications, characteristics of 
thermistor material explanations of 
the source and utility of data supplied. 
Illustrations are keyed so reader can 
tell which style or type thermistor is 
best adapted to his application. 


«GU MAU». — MECHANICAL INDUSTRIES 


— P"ng0-— 
—D Cs PRODUCTION COMPANY 


219 ASH STREET * AKRON 2, OHIO 


Product Engineering — 1955 Annual Handbook 





"Where two dimensions are given for height, the smaller is for 


Write for latest catalog 


The standard long coil telephone type with twin 
contacts. Also available with a variety of single 
contacts. 


The short form telephone type with single contacts 
of various sizes and metals. 


The miniature type for aircraft and similar appli- 
cations. Reed bearing support provides extreme 
life and speed. Not recommended for marginal 
current applications. 


The miniature type B, applicable where space is 
a premium and large pile-ups or greater sensitiv- 
ity than the KS or TS are required. Available 
with either single or twin contacts and a variety 
of mountings. 


Similar to the type KS with increased coil capa- 
city and larger spring pile-up. Mounts in most of 
the same enclosures designed for the type KS. 


The AC modification of type BS. An ideal multi- 
contact type of AC relay where only AC coil 
power is available. 


The AC modification of type GS where space will 
not permit the use of the type BAC. 


General-purpose small power relay. 


Compact double-pole, double-throw power relay. 


COILS 


Single and 
double wound 
to 52,000 ohms 


Single and 
double wound 
to 25,000 ohms 


Single to 
6500 ohms 


Single and 
double wound 
to 20,000 ohms 


Single and 
double wound 
to 14,000 ohms 


To 220 volts 
25 & 50/60 
cycles 
Single and 
double wound 


To 220 volts 
25 & 50/60 
cycles 


To 220 volts 
AC or DC 


To 220 volts 
AC or DC 


PILE-UP 


Max. of 28 
springs in 
two pile-ups 


Max. of 20 
springs in 
two pile-ups 


Max. of 12 
springs in 
two pile-ups 


Max. of 20 
springs in 
two pile-ups 


Max. of 18 
springs in 
two pile-ups 


Max. of 18 
springs in two 
pile-ups. Less 

on low voltages 


Max. of 18 
springs in two 
pile-ups. Less 
pn low voltages 


1C maximum 
35" silver 
contacts 


D.P D.T 
1⁄4” silver 
contacts 


You can depend on LILY, relays’ 


DESCRIPTION 


SIZE* 


4%." long 


| lyy” wide 


14-24" high 


212" long 
1%" wide 
156-2" high 


1!" long 

H” wide single 
arm 

1” wide double 
arm 

14-175" high 

2%" long 

1s” wide 


lA-l*"high | 


is’ long 
1” wide 


14-135" high 


Same 
dimensions 


as Type BS 


Same dimen- 
sions as the 
type GS 


1%” long 
1%" wide 
144" high 


— SEALED TPES | Sealed enclosures for STERLING relays are available in a variety of enclosure and header types. 
ewm O All STERLING relays may be furnished mounted on and wired to the common varieties of radio plugs. 


The types BS and GS and their variations are available with snap action switches as well as 


conventional contact springs. 


Another 


ho . 


RELAYS 
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Product 


slays with 2 springs and the larger is for the maximum size pile-up, 


Special types built to order 


STERLING ENGINEERING CO., INC, 54 Mill Street, Laconia 9, N.H. * Subsidiory of AMERICAN MACHINE & FOUNDRY COMPANY, New Vad 
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Your product benefits 
3 ways from the use 
of a DIALCO Pilot Light: 


Enhanced appearance: 
The glow of light and 
sparkle of a lens add 
colorful visual attraction. 
Greater safety: A timely 
warning flashed by a 
pilot light can prevent 
damage to equipment. 
Added service: Discs 
inserted behind lenses 
can be used to deliver 
specific messages, such 
as “FUEL LOW", 
"ON", "OFF", etc. 


Let the Dialco engi- 
neering department as- 
sist you in selecting 
the right lamp and 
the most suitable pilot 
light for your needs. 


Dialco offers the com- 
plete line of pilot 
lights, from sub-mini- 
ature types to giant 
units with 144” lenses. 


Every assembly is avail- 
able complete with lomp. 


SAMPLES ON RE- 
QUEST AT ONCE — 
NO CHARGE 


Illustrations are ap- 
prox. 70% actual size 

. (A) No. 8-1930- 
111 sub-miniature 
pilot light...(B) No. 
521308-991, with mul- 
tivue cap...(C) No. 
922210-111, dimmer 
type...(D) No. 47901 
with light shield cap. 


Write for Catalogues 
L-151, L-153, ond L-154 








Catalogs and Bulletins continued 


(U-42) MOTOR-GENERATORS — 
The Electric Products Co., Bulletin 30- 
200, 6 pp. In describing motor-genera- 
tors from 34 to 1500 kw, it illustrates 
23 designs of a-c to d-c, a-c to a-c, d-c 
to d-c, and d-c to a-c units. Electrical 
specifications and application of each 
design are given. 


(U-43) MINIATURE SNAP- 
SWITCH —The Sessions Clock, Bulle- 
tin 101, 6 pp. Data on the construction 
and operational characteristics of the 
Tyniswitch. Has specifications, and a-c 
and d-c ratings. Has illustrations of all 
types. 


(U-44) MERCURY PLUNGER RE- 
LAY—Ebert Electronics Co., Booklet, 
4 pp. Describes and illustrates seven 
different types of mercury plunger 
relays with contact rating of 35 amp 
115V, or 25 amp 230V. Has complete 
specifications on each type. 


(U-45) MILLIVOLTMETER TYPE 
INSTRUMENTS-—Minneapolis-Hon- 
eywell Regulator Co. Catalog 1053, 
20 pp. Indicators; Indicating Elec- 
tronic Controllers; and Excess Tem- 
perature Safety Cut-Off controllers. 
Data on operation and applications 
of on-off, two position, 3-position, 
and pulse type time-proportioning 
controllers, and information on 
primary measuring elements. Has 
many illustrations and diagrams. 


(U-46) CAPACITORS — Astron 
Corp. Catalog AC-4, 48 pp. Latest 
available types, complete listings, and 
technical data on electrolytic, paper- 
foil, and metallized-paper capacitors, 
arranged according to operating tem- 
perature and performance characteris- 
tics as well as by case types. Among the 
new products included are plastic en- 
cased and sealed paper units with a 
special patented seal which makes the 
capacitors and impervious to moisture, 
humidity and soldering iron heat. 
Familiar standard types for operation 
85 deg C and high-temperature, mini- 
ature, metal-cased units for operation 
at 125 deg C are also shown. 


(U-47) CAPACITORS, BUTTON- 
TYPE—Sangamo Electric Co. Catalog 
830 A, 24 pp. Similar styles of these 
silvered mica capacitors are grouped 
together according to the arrangement 
of terminals. Engineering drawings of 
each model are actual size. 


Koiled 


This is a KOILED KORD retracted 


fA AP 


This is a KOILED KORD extended 


KOILED KORDS are available on 
special order to your specifications 
in multi-conductor types up to 37 
conductors, shielded if required. 
Stocked types include 2, 3, 4 and 5 
conductor +23 AWG communica- 
tions cords and 2, 3 and 4 conductor 
Underwriters' Laboratories approved 
SO, SJO and SV-neoprene jacketed 
power cords. KOILED KORDS can 
be supplied in 48 inch mandrel 
lengths or prepared into cord sets 
for attachment to equipment. 


INFORMATION YOU SHOULD GIVE 
WHEN ORDERING KOILED KORDS 


€ Product on which retractile cord 
is to be used. 

* Length and type of cord now 
being used. 

* Applionce or equipment rating 
(if motor drive, give horsepower) 

* Jacket material required: neo- 
prene for resistance to oil, rubber 
for coid temperature uses. 
Number of conductors 
Gage and type of conductors — 
whether stranded copper or 
tinsel. 
Length to which cord should 
extend. 
Length of leads on each end. 

* Type of terminals or fittings on 
each end. 

© Approximate annual require- 
ments. 

* When possible, enclose sample or 
drawing of cord to be duplicated. 


WRITE FOR KOILED KORDS APPLI- 
CATION BULLETIN SHOWING 
MANY USES. 


Koiled Korag 


Incorporated 


ARARARARARARATS 


Box K, New Haven 14, Conn. 
IN CANADA: R. D. FLECK & CO., LTD. 
OSHAWA, ONT. 

* KOILED KORDS is the trademark of 
Koiled Kords, Inc 
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MINIATURE and SUB-MINIATURE 


ELECTRICAL CONNECTORS 


* 
D 
4 






The Accepted Standard 
For QUALITY - COMPACTNESS - RUGGEDNESS 
LIGHT WEIGHT - DEPENDABILITY 





With components of precision manufacture . . . through 
strictest quality control standards...to assure long and 
dependable trouble-free service. 


SERIES “M” 
MINIATURE 


ACTUAL 
SIZE 


4, 5, 7, 9 Contacts 



















ze TB e" 


DUTY 


SERIES 







“ 1 za à 
EL S to “900 | 
I 
1⁄4 ACTUAL A I ' 
Used in “AN” Shells i 
< 






SERIES = MRS 
^HMRE" “MRE” 


HERMETIC 
PLUG 







ACTUAL 
SIZE 


Used with “MRE” Receptacles 


TYPES "RA" 
& “RB” 


AIRCRAFT SERIES Ü 


“A » x | i i —— x 
| | Winchester Electronics, Inc. Products 
;» D and Designs are Available Only 
5," BEBE From Winchester Electronics, Inc. 


Yq ACTUAL SIZE Contacts 









TYPES "cn". ETSI UI 1 46637 ! : 
& "CM" RECEPTACLES | 





| VV in chester 


Va 


ACTUAL 4 | j m " 
size Mc | | Slectronics 
MINIATURE i i 5 i N a RA 

PRESSURE-TIGHT / ; , 


p^ 4 ° 
| SWITCHES 


l for every use 


The basic precision snop-octing 
switch for control of electric cir- 
cuits; solder-lug terminals. UL listed 
at 15 amp. 125 volts a-c. 


TYPE WL 
Low-cost, high-per- 
w formance switch 


a 


jp with quick-connect 
terminals. 


TYPE 
MXT-1-Z365 
Has hinged-leaf ac- 
tuator with adjusta- 
ble operating point. 


xh TYPE MX-5 
Basic switch with 
integral screw ter- 


minals. 


KMXB-2EF 
In metal case, with 
plunger sealed 
against dust and 
moisture, 


TYPE LK-2 
Immersion - proof, 
ice breaking type; 
sealed to 15 psi. 
10 amp. 28 v. d-c. 


TYPE E 
Low-cost, open- 
blade, 
precision 
lO amp. 125 v. a-c, 5 amp. 250 v. d-c. 


miniature 


a 


switch; 


TYPE USM 
Sub-miniature en- 
closed switch; 5amp. 
125/250 v. o-c. 
For detailed choracteristics of these and 
many more Unimax precision switches, 
write for your free copy of our latest 
catalog. 


UNIMA 


a f THE W L MAXSON <€ 


460 WEST 34th ST., NEW YORK 1, N. Y. 


| ; 
B 
E 


)RPOR ^ HON 


Catalogs and Bulletins continued 


(U-48) SWITCHES-—Carling Elec- 
tric Inc, Catalog B, 10 pp. Lists 
switches for: appliances; aircraft; auto- 
motive; electronic; marine; motor con- 
trol; and special application for a-c or 
d-c. Has illuscrations of all types, plus 
dimensions and complete specifica- 
tions for making a selection. 


(U-49) VACUUM TUBE ELEC- 


TROMETERS—Keithley Instruments, | 
Booklet, 8 pp. Has 19 application dia- | 
grams, plus a full description of acces- | 


sories, which permit measuring a wide 
range of d-c voltages, currents as low 
as 107! * amp, and resistance to 1016 
ohms maximum. 


(U-50) CONTROL RELAYS—West- 
inghouse Electric Corp.; Booklet B- 
5817. Application and design infor- 
mation on a new type N control relay, 
designed for remote control operation. 
Has 10 amp open rating up to 600V 
and 6 poles, in any normally open or 
closed combination. 


tion features. 


(U-51) DRIPPROOF INDUCTION | 
MOTORS—The Lima Electric Motor | 


Co., Bulletin RS-2, 6 pp. Illustrations, 
plus an exploded view showing all 


parts, speed-torque curves, frame num- | 
ber charts, dimensions and specifica- | 
tions for motors from 1⁄4 to 150 hp, as | 


well as complete descriptions of varia- 


tions for optional mounting and spe- 


cial purpose applications. 


(U-52) WIRE-WOUNDN RESIS- 
TORS—Daven Co. Catalog, 32 pp. Di- 
vided into sections starting with broad 
general data and continuing into de- 


tailed specifications of each type of | 


resistor. Has engineering drawings and 
photographic illustrations, covering 
miniature through encapsulated types. 


MIL and other government ratings are 


listed. Where applicable, governmen: 
specifications are cross referenced. 


(U-53) THERMAL TIME DELAY | 
RELAYS—G-V Controls Inc, Book- | 


| JOSEPH POLLAK 


the hermetically sealed adjustable type. ||} 


let 30, 4 pp. Describes miniature and 
octal size thermal time delay relays of 


Includes cutaway views of the stainless 
steel mechanism and metal shell, curves 
of operating characteristics, and speci- 
fications of the six units available. 
Delay intervals of most of the units 
range from 3 sec. to 5 minutes. 


Exploded view | 


shows the several important construc- | 








Special and Standard 


POLLAK 
CONTROLS 


| 
Accurate, Dependable, Long Life 


! 


Nearly a half century of expe- 
rience in specialized designi 
and production of precision, 
components. ... 


RELAYS 


COMPUTER 
COMMUNICATIONS 
MINIATURE 
COAXIAL 
FREQUENCY 

HIGH VOLTAGE 
PULSE 


MINIATURE HERMETICALLY 
SEALED 


SOLENOIDS 


MINIATURE 
PLUNGERS FOR PUSH OR PULL 


300 CUSTOM TYPES FROM 
20 STANDARD PARTS 


SWITCHES 
ROTARY SELECTOR 
MOMENTARY 

PUSH PULL 





switching 
problems. 


WE INVITE YOUR INQUIRY 


CORPORATION 


DEPT. B 
75-95 Freeport Street 


Boston 22, Mass. 
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») « BORD |. 
MICROPOTS 


? 


BORG 900 SERIES 3-TURN AND 10-TURN MICROPOTS 
3-TURN MODELS 931-935 10-TURN MODELS 901-903 


Dne Gann eee TT T NER, 


SYNCHRONOUS AND INDUCTION BORG-MOTORS 


1000 SERIES 2 POLE AND 4 POLE MODELS 
With and Without Gear Trains 

These Borg-Motors were designed specifically for in- 

strumentation, control and timing devices. They are 

recommended for all applications where low torque, 

constant speed and long life are positive requirements. 


ben For Complete Engineer. — 
— — 9 Dor, 


— 
SERVO-CONTROL ATTACH TO YOUR LETTERHEAD 


Borg-Motors 


Two phase, 115 volt, 400 cps in- 
duction type Borg-Motors for 
servo control applications. Ap- 
proximate size 114” diameter x 2” 
long with a locked rotor torque 
of 0.82 ounce-inch. 


BORG EQUIPMENT, DIVISION 
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where it 
counts!.. 


4-Circuit Screw Type 
(illustrated above) 
Cnly 2" wide, l4" high, 


3%" long, 5 ounces. 


RUGGED —but compact! 


One piece phenolic molding — no 
loose parts to handle 

Long leakage paths for high capacity 
—750 volt normal rating 

High resistance to moisture, solvents, 
shock, temperature 


RUGGED — and versatile! 


4, 6, 8 and 12 circuit sizes 

For screw connection to looped or 
terminal-ended wires, to 35 am- 
peres —Screw Typo 

For direct connection on #16 to #6 
wires, to 50 amperes—Solderless 
Type 

Available with separable or hinged 
covers, and with plain or numbered 
marking strips 


Also available — engi- 
meering services on special 
blocks for your requirements. 


Get complete detail-— 
send for Catalog 656 now 


ELECTRICAL PRODUCTS CORPORATION 
— 77. oT 


2048 


194 


polum and Bulletins continued 
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| (U-54) D-C GENERATORS — Co- 
| lumbia Electric Mfg. Co., Bulletin 600, 
á pp. Describes a complete line of d-c 
generators up to 300 kw, plus illustra- 
tions of available frame sizes and spe- 
cial design features. Has details of con- 
struction for field frames and coils, 
armatures, commutators, brushholders 
| and other parts. 


(U-55) WIRING DIAGRAMS—AI- 
! len-Bradley Co. Bulletin 24 pp. De- 
| scribes the many ways that an across- 
| the-line starter can be applied. 
| Illustrates wiring diagram symbols and 
line diagram symbols. Each wiring sys- 
| tem shown in two ways: a wiring dia- 
|gram and a line diagram. Wiring 
| diagrams shown for all sizes of starters; 
1, 2, and 3-phase systems, and many 


others. MINIATURE BLOWERS AND FANS 


FOR AIRBORNE EQUIPMENT 

(U-56) RELAYS — American Relay 

| & Controls, Inc., Catalog R-10, 12 pp. 
| Has complete engineering data on a 
variety of relays, such as: snap-action 

switch contacts; plug-in mountings; 

hermetically sealed and  dust-tight 

units; overload relays; latching relays; 

and relays with screw terminals. Has 

many illustrations, operating data. 


HI-PRESSURE DIRECT DRIVEN 
TURBINE-INDUCTION MOTORS 


<2 


INEXPENSIVE UTILITY BLOWERS 
3 TO 7" S.P., 300-1300 CFM 


(U-57) TEMPERATURE CON- 
TROLLERS—Leeds & Northrup Co., 
Catalog ND 47, 20 pp. Complete data 
on electronic instruments for two posi- 
tion or proportional control. Com- 
pletely illustrated, it shows how three 
types of controllers regulate tempera- 
tures up to 1000 F. Also covers con- 
ductivity controllers. 


(U-58) THERMISTORS — Victory 
Engineering Corp., Booklet, 36 pp. De- 
scribes the type 71A2 high resistance 
thermistor, sealed in a glass rod, and 
having a temperature coefficient of —7 
percent per degree cent. at zero deg. C. 
Explains types of construction; typical 
uses; time delay devices; switching de- 
vices, and other data and illustrations. 


(U-59) ELECTRIC INSTRUMENTS, 
ACCESSORIES— Burlington Instru- 
ment Co. Catalog N-1 presents charac- 
teristics of instrument design in respect 
to size, type of material of the case 
and style of mounting in a series of 
column headings, under which the con- 
secutive sections are listed with prices 
for the different types of instruments 
such as microammeters, milliammeters, 
ammeters, voltmeters and other units. 
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3 TO 12" DIAMETER PROPELLER 
FANS. ALL MILITARY SPECS 


Your letterhead request will 
bring you a complete cata- 
log including valuable date 
sheets. 


ROTRON MFG. CO., 


Schoonmaker Lane 
Woodstock, New York 


INC. 





" Best Suited" for 


, HIGH TEMPERATURES 


) 
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VARGLAS SILICONE 


CLASS H 
TUBING and SLEEVING 


for applications requiring prolonged heat endurance at 


temperatures up to 260°C. 


Varglas Silicone tubing and sleeving were developed by Varflex for 
applications involving continuous operating temperatures up to 260° C. 
Exceptional stability is combined with the following qualities . . . 


Flexibility — sharp turns and 90^ bends 
cause no cracking or peeling — no loss 
of dielectric strength. 


Dielectrically-Strong — A!! grades con- 
form to NEMA and MIL-1-3190 standards. 


Moisture-Resistant — including resist- 
ance to salt water, mild alkalis and 
acids. 


Flame-Resistant — Standard burning 


test is 45 seconds to burn 1 inch. Can 


Send for FREE SAMPLES 


be made self-extinguishing on special 
order. 


Cold-Resistant — Excellent resistance to 
chafing flexible to 
—35°C.* 


and abrasion, 


*For temperatures down fo —65°C, and 
for applications requiring extraordinary 
flexibility, we recommend our new Var- 
glas Silicone Rubber sleeving and tub- 
ing. Inquiries invited. 


Mail coupon today for free folder 
containing 25 different test samples 
of Varflex insulating sleeving, tub- 


ing, lead wire and tying cord. 





< 


produced under 


J4. ONE RESPONSIBILITY 


from copper wire to final test... 


Wheeler transformers are custom-engineered to meet your specific 
requirements. Your needs come first with us. 

Wheeler makes its own magnet wire . . . from the copper rod 

to the finished, insulated and tested product . . . with quality 

under our contro! every step of the way. 


* Wheeler uses the most modern winding techniques and equipment. 
* Wheeler's facilities for the production of intricate coils and 


assemblies are unexcelled. 


Wheeler affords fullest protection to its transformers with latest 


techniques in wax and varnish impregnation and 
FOSTERITE® encapsulation. 


Wheeler transformers are subject to specially devised engineering 
and test procedures throughout manufacture, and must individually 
undergo a final comprehensive test before shipment. 


To learn what these advantages can mean to you, write: 


THE WHEELER INSULATED WIRE COMPANY, INC. 


Division of The Sperry Corp. 
1121 East Aurora St., Waterbury 20, Conn. 


®The WESTINGHOUSE en- 
capsulating material that 
gives a high degree of 
protection to small trans- 
formers. Appiied by 
Wheeler under license. 


WHEELER MAKES THESE PRODUCTS A Specialy 





Catalogs and Bulletins continued 


(U-60) HEAVY DUTY RECTIFI- 
ERS—Electronic Rectifiers, Inc., Book- 
let, 6 pp. Has complete engineering 
data on a line of lightweight heavy 


| duty rectifiers for general use for d-c 


up to 60 V, 50 to 50,000 amp., and 


| operation from —40 F to 284 F. Has 


wiring diagrams, load curves, and other 
information. 


(U-61) PERMANENT MAGNETS 


| —Thomas & Skinner Steel Products 
Co., Bulletin 151, 20 pp. Topics dis- 


cussed are: the application of perma- 
nent magnets; fundamental properties; 
problems of magnet design; testing 
the magnet; magnetic attraction; me- 


| chanical considerations; magnet steels; 
| alnico grades; and permanent magnet 


materials. Has many curves, illustra- 
tions, and charts. 


(U-62) PRECISION POTENTIOM- 
ETERS—Servotrol Co., Booklet, 6 pp 
Has complete specifications as to: ma- 
terials; and mechanical 
specifications for a line of single or- 
ganized potentiometers. Has illustra- 
tions showing applications, and lists 
many others. 


electrical; 


(U-63) PROTECTIVE RELAYING 
—General Electric Co., Booklet GET- 
1768 A, 72 pp. Titled, “The Art of 
Protective Relaying,” it explains the 
broad principles of practice in protec- 
tive relaying of power apparatus, and 
has information on the types of relays 
used for protecting various apparatus 
It outlines procedure to determine 
proper application and settings of re- 
lays, and gives a complete listing of 
different relays. 


(U-64) SERVO COMPONENTS — 
Belock Instrument Corp., Catalog, 26 
pp. Covers standard electro-mechanical 
servo and computer components. De- 
scriptions, outline dimensions, and per- 
formance data are given on high speed 
magnetic clutches, servo gear heads, 


| speed reducers, dial assemblies, limit 


stops, and differentials. Gears in 
pitches from 32 to 96 with hub bores 
from 1⁄4 to 1⁄4 inch. 


(U-65) SWITCHES — Grayhill Co., 
Catalog, 12 pp. Has illustrations and 
specifications for a line of push button 
switches, multi-deck miniature tap 
switch for commercial and military 
use, insulators and coil forms. 


(Continued on p. 1106) 
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RESISTORS 


Know your 
three R's 
in 
control 


WIDEST SELECTION OF STOCK RESISTORS ever offered by any manufacturer is 
presented in W/L Catalog 15. 


v 


<= components 


» we 7 
n Ç J # 
H š —* 
_ T E 
* 
A. | 
- VM 


EXCEPTIONALLY LONG, TROUBLE-FREE LIFE is standard for W/L a-c and d-c 


magnetic relays. Write for data-packed Relay Catalog. That’s resistors. relays and rheostats 


we're talking about — and a man look- 
ing for these devices earns his A when 
he shops at Ward Leonard. 

You get more performance per dol- 
lar...a wider selection of stock items 

. and quicker service on made-to- 
order controls from Ward Leonard 
than from anyone else. 

Take a look at our basic three R's 
here. Then find out how well one of 
our components can meet your prod- 
uct's requirements by writing us. Ward 
Leonard Electric Co., 89 South St., 
Mount Vernon, N.Y. 4.38 


VITROHM RING RHEOSTATS in 25 to 300 watt sizes are designed for smooth, 


gradual resistance change. Send for Bulletins 1105-16. 
' = Ñ ' 
' ' 
' 1 
iW | ' 
' ' 
' y ' 
' ' 
' ' 
I I 


RELAYS 


ELECTRIC COMPANY noms 
MOUNT VERNON, NEW YORK Bevc- EE noh Cm Since 1892 


RESISTORS cbateuns Dimmers CHROMASTER 


X. WARD LEONARD (9) 





MOTOR CONTROLS 


Full line of a-c and d-c Ward Leonard motor starters and 
controllers, magnetic contactors and control accessories. 
Write for Ward Leonard Motor Control Catalog. 


RHEOSTATS - Plate Type 


Complete line of Ward Leonard vrrroum pressed steel 
plate type rheostats meets every requirement. 

Ward Leonard field rheostats are offered in several multi- 
ples of field resistance values to meet various operating con- 
ditions. They are designed for a straight line relation between 
the steps of the rheostat and the field current. 

VITROHM rectangular contact rheostats have been devel- 
oped where a finer degree of control in electrically operated 
equipment is necessary. 

Write for Ward Leonard Rheostat Bulletin 60a. 


DIMMERS 


Auto-transformer, reactance and resistance type dimmers 


for theatre, auditorium, studio lighting control. 


Write for Ward Leonard Dimmer Bulletins 71-78. 


CHROMASTER 


CHROMASTER is the new, simplified industrial chrome plat- 
ing process for increasing life of cutting tools and wear parts 
three to ten times. 

CHROMASTER plating units with built-in power supply are 
available in 50, 150, 250 amp. and larger sizes. Chromasol, an 
economical, non-critical chrome solution, plates directly on 
industrial steels, cast iron, and most non-ferrous metals. 

Write Ward Leonard for complete cunoMasrEn details. 


4.38A 


For further information, write direct to Ward Leonard Electric Company, 89 South Street, Mount Vernon, New York 


ELECTRIC COMPANY mons 
MOUNT VERNON, NEW YORK 


e WARD LEONARD (°) 


RESISTORS RELAYS CONTROLS DIMMERS 


PRReeulO-EE rynecred Cmm Since 1892 


aie ll 


vw 


pores CHROMASTER 





o 


hh «T 


VOLTAGE 


d — 


specifications. 
DC output from 
20 volts to 
200,000 volts. 


INDUSTRIAL m | HERMETICALLY 
POWER e" X* SEALED 


RECTIFIERS P Selenium 
Ratings to 250 KW EU Rectifiers 
Power Factor 95% po^ p ; Made to your 
Finest Industrial 7 5 specifications. 
Rectifiers produced 

today. 


HIGH 
TEMPERATURE 


TV & RADIO 
MINIATURE 
RECTIFIERS 

Widest range 

in :the industry. 
Available with 
universal mounting 


LARGEST SUPPLIERS 
OF INDUSTRIAL RECTIFIERS 


GERMANIUM 
DIODES 

“Red Dot” Series 
for — 60° C 

to +100 C 
temperature 
applications. 


for'universal 


AR WRITE DEPT. D for complete descriptive literature. 
š 


^] 


Executive Offices: 1521 E. Grand Ave., El Segundo, Calif. - Phone: ORegon 8-6281 E 
Chicago Branch Office: 205 West Wacker Drive * Phone: Franklin 2-3889 o 
New York Branch Office: 501 Madison Avenue * Phone: Plaza 5-8665 
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The Heart of your Product 
is its Control... 


Engineers / 


WRITE FOR NEW CATALOG ON 
MERCURY PLUNGER RELAYS 


CARRIES UP TO 
60 AMPS. 


Permits accurate tem- 
perature settings over ranges 
ail of 175° or 300°C., between 
Operates with direct im- —75°C. and 350°C. Also to 3 Hp. 
mersion of the thermal available with explosion- | 
assembly in the temperature proof housing. Write for Bul- 
zone. Used in hot water letin $3-1. Send for 
tanks, boilers, degreasers and 


similar applications. Write FREE CATALOG 


for Bulletin #2-1. * and 30-day 


test details 


EBERT ELECTRONICS CORP. 


212-21 JAMAICA AVE., QUEENS VILLAGE 28, N. Y. 


Motor Loads Up 





Different types available 
with uniform on-off differ- 
entials of .2" to 10" WC. 

Shows the exact temper- Write for Bulletin $5-1. 
ature of the thermal bulb at 
all times. Various models 
cover ranges of 300?F. to 
600°F., between —150°F. and 
650°F. Write for Bulletin $4-1. 


Specialists in Finest Quality A 


ELECTRICAL CONTACTS 


United Electric manu- Available in a wide choice of: 


factures a wide variety of CONTACT MATERIALS. Gibsiloy 


standard controls for ma- 
rine, industrial and aircraft 
applications. Special con- 
trols can either be adapted 
from standard models, or 
custom-built by United 
engineers working with 
your product develop- 
ment group. 


Accurately controls the 
difference between two 
source pressures. Weather- 
proof, shock-resistant. 
Weather-tight on specifica- 
tion. Write for Bulletin #6-1. 


Write for illustrated catalog 


Standard and special thermostats and pressure switches 


87A School Street, Watertown, Mass. 


1100 





powdered metal compositions of silver 
or copper with refractory materials, 
silver alloys, fine silver, palladium, 
and others. 


CONTACT FORMS. Molded shapes, 
rivets, "“Steelbacks”, stampings, screws, 
overlay types, and others. 


CONTACT ASSEMBLIES. We can 
rivet, weld, or braze contacts to con- 
tact supports—furnished either by us 
or our customers. 


Send for Catalog C-520 for more in- 
formation. Our engineers will gladly 
help you wiih your contact problems. 


Ae F 
TT AITE Lat by 


DigsoN EcEcTRIC COMPRNV 


8358 Frankstown Ave., Pittsburgh 21, Pa. 
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WATLOW ELECTRIC MFC. CO. 


1388 Ferguson Ave., St. Louis 14, Mo. 
[kr ^ dud Heat for every Latia Í Use 5 


SALES ENGINEERING REPRESENTATIVES 
BOSTON 16, Mass. CHICAGO 6, ILL DAYTON 2, OHIO DETROIT 2, MICH NEW YORK 7, N. Y. SAN FRANCISCO 23 SHERMAN OAKS, CAL 


C.H. Ribble & Co Kelburn Engr'g Co Thal Mor Associates Y u mem C. H. Ribble & Co Western Control Equip. Western Control Equip 
= à 6432 Cass Ave 261 Broadway, Rm. 206 ment Co ment Co 
258 Park Square Bldg 600 W. Jackson Blvd II W. Monument Ave. HOUSTON 19. TEXAS 2342 Franklin St 4622 Van Nuys Bivd 


Gay Sales Co 
CAMDEN 2, N. J CLEVELAND 22, OHIO DENVER 16. COLO. 5045 Fieldwood ROCHESTER S. N. Y. ces wan, TOMT 
. MEMPHIS !, TENN C. H. Ribble & Co Brauner Export Co 
James W. Wyatt C. B. Webb Peterson. Company Middle States Assn 703 Temple Bidg J. B. Hickman Co 2030 Chestnut St 
312 Cooper St., Rm. 20! 22232 Bryon Rd 4949 Colorado Bivd. P. O. Box 1601 14 Franklin St. 503 Maritime Bldg St. Louis 3, Mo 


Wattow CARTRIDGE HEATERS 


"i Flexible leads or rigid terminals. Brass sheath for 
| temperatures under 750? F., monel or stainless steel 
Ë for temperatures to 1200? F. Diameters 3$" to 
| 1 5/16”, lengths 14%” to 20". Capacities 50 to 
1500 watts. 


70atto«« STRIP HEATERS 


Straight or curved. Widths 34" and over, lengths to 
72". Nickel chromium resistor enclosed in mica, 
sheathed in rust-resisting iron for temperatures to 
750? F.; monel metal for temperatures to 1200? F. 
Post, button and bracket type terminals. 


Wattow IMMERSION HEATERS 


Straight or curved design. Encased in seamless 
cylindrical tube and brazed to pipe-threaded header. 
Brass sheathing for water heating, steel for oil heat- 
ing. Available in monel and stainless steel for special 
solutions. Diameters 34" to 2", lengths 63" to 67", 
capacities 150 to 10,000 watts. 


Watlow CYLINDRICAL HEATERS 


Patented clamping band. Widths 1 2” to 2”, diam- 
eters 1 55" and up. Watt densities up to 45 watts / 


sq. in. 


Watlow HOT PLATES 


Polished steel heating surfaces. Portable or flush 
mounting types, 3-heat switch for 550° F. to 750° F. 


Watlow THERMOSTATS ; 


Temperature range from 100° F. to 550° F. Built-in 
double pole on-off switch. Neon pilot light (optional). 
Capacity 125 V., 35A., 4375 Watts; 250V., 25A., 
6250 Watts. 


Watts SPECIAL EQUIPMENT 


Also available for specific industries and uses are 
heating-unit styles and sizes not listed above. For 
your special needs, write vus — describing your 


— — id : requirements, 
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HEYCO Nylon Strain Relief 
Bushings cut production 


costs and improve 
product quality! 3€ 


— 


CHASSIS 


Facts “ 
you should know = Q 
UM A LRI, 
Strain Reliefs 


HEYCO 


Heycos absorb all cord pull, push 
and torque and insulate wire from 
housing. With Heycos it's no longer 
necessary to tie wire knots or use 
insulating grommets. Product life 
is increased and product appear- 
ance is greatly improved. Avail- 
able in all sizes from clock wire to 
$-10/3 cable. 


HEYMAN MANUFACTURING CO. 
KENILWORTH 13, NEW JERSEY J 


It's easy to apply Heycos, too: A 
l. Slip over wire 
2. Snap into hole 


FULLY APPROVED BY 
Underwriters' Laboratories and 
Canadian Standards Asso. 


HEYCOS positively eliminate 
strain on terminals! 
Send for Samples and Specifications 


s 


For Double Protection 
Use Approved HEYCO 
Strain Relief Bushings 


CONTROL PANELS 
have design and 
fahricating advantages for 
any automatic process 


For example: 


Pantro solved the prob- 
lem of instantly stop- 
ping fast-moving ma- 
chines by designing a 
dust-tight control panel 
which applies 580% 
more stopping power 
than formerly. This 
panel completely elimi- 
nates materia! loss and 
cuts labor time of re- 
setting machine by 
50%. 


Whether of your design or ours . . . . youll 


get ADVANCED ENGINEERING 


PANTRO Control panels ore designed by engineers who know 
how to provide for the most effective circuits ond 
layouts. Fabrication is supervised by specialists to assure unfailing 
mechanical precision. Among PANTRO users are manufacturers of 
Process Equipment, Machine Tools, Textile Machines, etc. PANTRO 
Control Panels fully meet the quality of your equipment. You make sav- 
ings both in PANTRO Panel manufacture and performance—any size, 
type, or special design. Get suggestions and cost estimates—send your 
specifications-—no obligation. 


INDUSTRIAL CONTROL PANEL CO. 


Designers and Manufacturers 


247 E. ILLINOIS ST., CHICAGO 11, ILL. 


Identify Wires Permanently 


Easy to apply, replaces obsolete string 
and paper identification methods. Can 


be specially stamp-coded or marked. 


e Aluminum, steel, 
brass or zinc. 

e Big variety, all styles 
md sizes. 

e for aircraft, radio, 
telephone, motor anà 
generator manufac- 
ture, et.. 


Free Samples and 
Literature Upon Request 


NATIONAL BAND & TAG CO., Dept. 9-&25, Newport, Ky. 


Phoenix Standardized | 
Custom Service Gives | 


YOU Lower Costs 


HOLDERS e 


Check these quality brush-holder features | 
with the virtual certainty that Phoenix can 
supply brush-holders to your exact require- 
ments at lower cost than you can make | 
them! ... light weight...high strength | 
materials ... full ventilation... uniformly ' 
close tolerances... patented “stay-put” \ 
terminal clip . . . deliveries as promised. \ 
Act to get the new Phoenix Catalog today. \ 
Write for Catalog 54N 


PHOENIX ELECTRIC MANUFACTURING CO. 
711 WEST LAKE STREET 


CHICAGO 6, ILL. 
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B. for exacting miniature 
applications... 


1, for outstanding endurance, 


dependability... send for: 


Relay Circular 1702. 


When extremes in 
long service life and 
reliable operation are 
demanded, this relay 
meets requirements. 
Life often exceeds 
400 million opera- 
tions! For ac or dc 
operation. 


=. when first cost 


is important... 


You can hold down 
costs with this “all- 
purpose’ ’relay. Meets 
Automatic Electric’s 
high quality stand- 
ards— gives long, de- 
pendable service. For 
dc operation only. 


3. when size limits 
relay selection . . 


This compact relay 
combines unusual 
dependability and 
surprisingly long 
service-life in a space 
about half the size of 
the average relay of 
equal rating. For dc 
operation only. 


4, for polarized 


pulse repeating... 


Here’s a new relay 
for high-speed pulse 
repeating, or for ap- 
plications where low 
current is trans- 
mitted over long 
lines. Relay gives bil- 
lions of operations 
without re-adjust- 
ment. Jack mounting. 


Class “PTW” 
Relay 


For aircraft use where 
resistance to shock 
and vibration must 
be met by a small, 
light relay. Rugged, 
reliable. For dc 
operation only. 


Class "S" 


Relay 


6. for maximum timing 


with reduced size . . 


You can order this 
miniature relay with 
specific time-delays, 
plus many other spe- 
cial features. For ac 
or dc operation. 
Time-delay is for dc 
operation only. 


Class “Z” 


Stepping Switch Circular 1698. 


J. tocombine relay and step- 
ping switch functions... 


Here’s a shock-resist- 
ant, cam-type relay 
for cam-switching, 
alternate on-off oper- 
ations. Use as a 
“stepper.” You spec- 
ify programming. 
For dc, or 115 V.-60 
cycles ac rectifier 
operation. 


Relay 


Rotary stepping switch 
features... 


For complicated space and 


weight problems, specify 
Type 44. By proper wipe: 
arrangement, this sturdy 
switch can provide 10-, 
20-, or 30-point operation. 
For up to 110 V. de, or 
built-in rectifier for 115 
V.-60 cycles. 


Use Type 45 for greater 
capacity. Available with 2 
to 10 (or more) 25-point 
bank levels. Can be used 
with wipers arranged in- 
dependently for 25-point 
operation; or in staggered 
pairs for 50-point opera- 
tion. For up to 110 V. dc, 
or for 115 V. ac. 


RELAYS 


PROOUCTS OF THE 


AUTIUMATIL 
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8. special features 
available . . . 


For applications 
where atmospheric 
conditions will affect 
relay performance, 
all Automatic Elec- 
tric relays are avail- 
able in hermetically- 
sealed enclosures. 
Special plug-mount- 
ings may also be spec- 
ified for Class A, B, 
F, S and Z Relays. 


Class "S" 
Relay 


Automatic Electric's high stand- 
ards of quality, workmanship and 
engineering offer you the finest re- 
lays and stepping switches money 
can buy, in a complete selection 
to fit your needs. Write today for 
complete information. Automatic 
Electric Sales Corporation, 1033 
West Van Buren Street, Chicago 7, 
Illinois. 


SWITCHES 


ImOUSTqTIAL DEPART MENT OF 


A ELECTRIL 
CHICAGO 





OW ARE YOUR COMMUNICATIONS ? 


Do the booklets, pamphlets, and manuals you use really work for you? 
Are these vital publications, that tell the story of your products and your 
company, as effective, readable, well designed and illustrated as they can 
be? Today more than ever, your entire operation is judged by each annual 
report, employee manual, and public relations piece that you produce. 
Have you examined your communications lately? If you have any doubt 


as to the impact of your instructional and promotional literature, 
remember . . 


COMMUNICATION I$ OUR BUSINESS 


For a good many decades McGraw-Hill has stood for complete coverage 
in the business literature field. Now the McGraw-Hill TECHNICAL WRITING 
SERVICE offers a new approach to your publication problems — an inte- 
grated writing, editing, illustrating, and printing service for the custom 
production of: INSTRUCTION MANUALS, PRODUCT BULLETINS, TRAINING AIDS, 
INDUSTRIAL RELATIONS LITERATURE, ANNUAL REPORTS, COMPANY HISTORIES, 
PROCEDURAL GUIDES and other collateral literature. More than 150 editorial 
and graphic experts are at your disposal, ready to prepare high-quality 
material to your own or government specifications. Save time, save money 

. and make your communications work! Let our staff be your staff for 
technical and business publications. 


McGraw-Hill Book Co. TECHNICAL WRITING SERVICE 


Write or phone Technical Writing Service, McGraw-Hill Book Co., Inc. 
$30 West 42nd Street, New York 36, N. Y. @ LOngacre 4-3000 


This service is available through ad agencies. 
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SPECIALISTS... in Development, 
ME TRE T (7772 
TIT MET dr M STO or 
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ADRIAN, MICHIGAN 
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Catalogs and Bulletins continued 


(U-66) RELAYS, CONTRACTORS, 

MOTORS—Pctter & Brumfield, Cat- 

alog 122, 24 pp. Included are relays 

— and contactors for every electrical and 

I UR Y electronic application—power, multi- 

f Your | ple contact, multiple leaf, latchino, 

plate circuit, super-sensitive, and oth- 

| ers. Has illustrations, schematic draw 
Contract... | ings, charts and other data 


Government 


(U-67) TRANSFORMERS & FILTER 
REACTORS—Essex Wire Corp., Cat- 
alog CT-153, 32 pp. Illustrates all 
d models, and gives complete engineer- 
Regular Product Requires ing data on: hermetically sealed trans- 
5 formers; new equipment transformers 
MANUALS J and reactors; general replacement 
: transformers and reactors; control and 

power circuit transformers. 


..or Your 


(U-68 HERMETICALLY SEALED 
€ OPERATION i RELAYS—General Electric Co., Bulle- 
e SERVICE a tin GEA-5729 A, 4 pp. Describes a 
e OVERHAUI ~ of E sealed relays for 
š electronic applications. They meet pro- 

© PARTS CATALOG : visions of MIL-R-6106 military ari 
@ TRAINING ji? : | fications, and performance require- 
| ments of  MIL-R-5757 B. Has 
LN | See P application, performance, and features 
a set of manudis writte: of relays, plus specification charts, and 





and illustrated] precisely : g | dimensional diagrams. 
to meet Government spec- | 
ifications or whether @ | (U-69) SELENIUM RECTIFIERS— 
tl at ick |i | Vickers Electric Div., Bulletin 3000, 
on T ; 8 pp. Describes the selenium cell con- 

struction, design factors, and covers 
must be prox the single and three-phase circuits and 
Technical Writing Service characteristics; ratings; performance 
can do the job for you | curves; and construction data. Has 
efficiently many illustrations and much valuable 
effectively i engineering data. 


ecor 


“ 
| 


operatior 





2”, 
3 
=, 
$ 

H fa 

5 

Ei 
Ln 


(U-70) WIRES & CABLES—U. S. 
Wire & Cable Corp., Catalog PM-3, 24 
pp. Lists and illustrates wires and 
cables used in such industries as com- 
munications, electronics, aviation, 
transportation, appliances, automotive, 
television, building, and others. Has 
reference tables, diagrams, charts and 
each class of wire or cable is described 


j * | in detail as to construction, chemical 
TECHNICAL WRITING SERVICE 4 and physical properties and typical 
McGraw-Hill Book Company, Inc. e application uses. 
330 West 42nd Street * 
New York 36, New York k (U-71) INSTRUMENT MOTORS— 


wë Servomechanisms, Inc., Catalog, 20 pp. 
Tel: LOngacre 4-3000 f Describes a new line of miniaturized 
s hysteresis synchronous, control, and 
damped control instrument motors. 
Typical uses include: analog com- 
puters; differential analyzers; teleme- 
tering devices and others. Has specifi- 
cations and performance curves. 


writing skill 


keynotes 


š 
Write or Phone 
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CQ OZ SPECIALISTS IN TIME CONTROL 


TIMING 
amm DEVICES 


TYPE IE 


INTERVAL 
TIMER 


Turning knob to 
desired time set- 
ting starts time 
cycle, Progress in- 
dicated by pointer 
traveling towards 
zero, Built-in push 
button, to initiate 
timing cycle, avail- 
able as optional 
feature. 


INTERVAL TIMER TYPE IG 


Similar to IE above, 
but without front 
plate and housing. 
Designed for built-in 
applications, where 
timer is mounted be- 
hind panel and shaft 
protrudes thru panel. 
Dial and pointer op- 
tional extras. 


RESET TIMER 
TYPE RE 


Pressing built-in 
start button 
switches circuits 
and starts timer. 
Progress indicated 
by independent 
pointer traveling 
towards zero. At 
end of cycle cir- 
cuits switch back 
and timer resets, 
ready for a new 
cycle, 


TIME DELAY RELAYS TYPES 


TE — TEC 


Highest accuracy 
for precision tim- 
ing. Timing cycle 
initiated by exter- 
nal means. Micro- 
meter knob on range 
pointer for extreme- 
ly precise setting. 
Progress pointer in- 
dicates time re- 
moining. 


TIME DELAY RELAY TYPE TF 


For built-in appli- 
cations. Provides 
fixed time delay 
between closing of 
external contact 
and switching of 
load circuits. En- 
closed snap-type 
switch mechanism 


CYCLE TIMER TYPE CF 


Permits automatic 
control of 1 to 8 
circuits. Single or 
multiple cam units 
permit adjustment 
to any desired 
time sequence. 
May be arranged 
to stop at the end 
of one complete 
cycle or repeat cy- 
cle continuously. 


PULSE TIMER 
TYPE V 


Repeats electrical impulse 
of predetermined duration 
at the end of any desired 
time interval which may 
be set upon the dial. Ideal 
for such applications as 
automatic lubricators, con- 
veyors, sludge pumps, bar 
screens, feed water con- 
trols, etc. 


PERCENTAGE TIMER TYPE PE 


Adjustable automatic 
timer to control per- 
centage of time in 
which an electrical cir- 
cuit is closed or open 
out of a definite time 
cycle. Ideal to control 
operating time of an 
oil burner, furnace, 
etc. 


RUNNING TIME METER TYPE E 


An elapsed time 
indicator to regis- 
ter total operating 
or idle time of any 
machine or system. 
Excellent for indi- 
cating usage time 
of vacuum tubes 
or machine tool 
cutter, etc., in con- 
junction with a 
preventive main- 
tenance program. 


TIME TOTALIZER TYPE ET 


A highly accurate 
stop clock to 
measure and to in- 
dicate elapsed 
time intervals. 
Used wherever 
precise measure- 
ment of time is re- 
quired. Accuracy 
of better than .02 
of 1%. 
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HERMETICALLY SEALED TIME 


DELAY RELAY 
TYPE HTI 


Retains high accuracy 
of standard Cramer 
timers, but is minia. 
turized for airborne or 
mobile applications. 
Hermetically sealed in 
steel case and tested 
to meet most rigid 
military applications. 


SYNCHRONOUS 
TIMING MOTOR 


Small synchronous mo- 
tor for any applica- 
tion requiring constant 
speed. Exceptionally 
high torque for its size 
(30 in. ozs. at 1 rpm 
stal! torque). Inston- 
taneous start and stop 
Wide range of speeds 
from 60 rpm to ! rpd 


CLUTCH UNIT 
MOTOR 


KX motor with differ- 
ential gear-type clutch. 
Used where reset is 
needed or where ex- 
tremely accurate 
clutching is required. 


SPECIAL TIMERS 
AND 
ENCLOSURES 


In addition to the 
standard panel 
mounting timers il- 
lustrated above, 
Cramer manufac- 
tures a complete 
line of special! pur- 
pose timers, timers 
in special enclos- 
ures, hermetically 
sealed devices, etc. 


TYPE KX 


Write for complete information about 
your timing requirements or for advice 


on special problems. 


the R. W. CRAMER CO., INC. 


Box 20, Centerbrook, Conn. 


9CR53R 
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e From behind the scenes come Dano 
coils—made to customer specifica- 
tions to perform an exact electrical 
function. 
Included among Dano Coils is 
the rugged incapsulated type coil 
designed for use where protection from 
moisture is needed. 


And, too, many high temperature controls are 
EE ed br hs n = inq FORM WOUND 
operatec y cous developed Dy ano to withstanc PAPER SECTION 
elevated temperatures. ACETATE BOBBIN 
From the simplest coils to the most complex type MOLDED COILS 
of specially treated coils, Dano’s facilities and — 
kill are constantly supplying the co h: " 
indunrid Pj Aantin pplying the uu Gss 
dustrial production moving. CONS FOR MON 
Send us samples or specifications with quantity require TEMPERATURE 
ments for our recommendation. No obligation APPLICATION 


Also, Transformers Made To Order 0 


AS 
At X 
NN 
INA 
rd 

Side as 


—4d44d44d4— 


Precision Gea ung 


* WORMS * RACKS 
* SPUR GEARS * SPIRAL GEARS 


* WORM GEARS * HELICAL GEARS 


We specialize in the manufacturing of fine pitch gears of the types 
widely used in the electronics and instrumentation fields, cut to the 
close tolerances demanded by modern advanced engineering. We are 
equipped to produce these items either complete or on a “cutting only” 
basis, in pitches as fine as 200, from the minute sizes up to 8” dia. 
Meticulous testing procedures and equipment ore used for precision 
quality control, and we will furnish Fellow's Red Liner Charts with 
finished geors on request, offering graphic proof of our accuracy. 


GEAR COR 


R 


PORATION 


WAKEFIE M A 


Catalogs and Bulletins continued 


(U-72) SUB-MINIATURE INDICA- 
TOR LIGHTS—Dialight Corp., Book- 
let L-153, 4 pp. Has complete speci- 
fications for a line of indicator lights 
made to mount in a ! 545 in. clearance 
hole, and equipped with any midget 
flanged base T-134 bulb. Has illustra- 
tions of all types. 


(U-73) ELECTRONIC  COMPO- 
NENTS — American Phenolic Corp., 
Catalog B-2, 50 pp. Lists and illustrates 
a complete line of cables, plugs, con- 
nectors, fittings, sockets and plastic 
components. Has complete engineering 
data, cross-sectional views and other 
informative data. 


(U-74) MAGNETS—The Ohio Elec- 
tric Mfg. Co., Bulletin 112, 8 pp. Illus- 
trated with cutaway sections, photos, 
and application photos of lifting, sepa- 
ration, and road-sweeping magnets. 
Also gives magnet weights, and lifting 


capacities for all standard bolted, 
welded, and basket type magnets. 


(U-75) TERMINAL BLOCKS — 
Kulka Electric Mfg. Co., Inc., Catalog 
14, 20 pp. Describes a line of terminal 
blocks, special Navy terminal blocks, 
and aircraft and electronic switches. 
Illustrations are shown for each block 
with various types of terminals, and 
specifications given on each type. 


(U-76) LOW VOLTAGE SWITCH- 
GEAR—General Electric Co., Bulle- 
tins GEA-5915, and 5916, 32 pp. Has 
many illustrations of a line of low- 
voltage drawout switchgear, 600v a-c 
and below, with standardized compart- 
ment construction and new air circuit 
breakers. Continuous current ratings 
range from 15 to 400 amps. 


(U-77) ELECTRICAL  INSULA- 
TIONS—Johns-Manville Co., Booklet 
EL-40A, 32 pp. Complete information 
about electrical insulations made of 
purified asbestos, why they were devel- 
oped, what their characteristics are, 
and where they may be used to advan- 
tage. Tables give test data on physical 
and electrical properties. 


(U-78) PRINTED ELECTRONIC 
CIRCUIT—Centralab Div. of Globe- 
Union Inc., Circuit guide No. 2. Lists 
27 standard stock units. Complete cir- 
cuits, components, and applications are 
shown. A group of components is re- 
placed by one unit. 
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A S VA ELECTROMAGNETIC CONTROLS FOR INDUSTRY 


ASCO designed and manufactured electromagnetic con- lighting, heating and machinery. Since 1888, Automatic 
trol devices provide completely automatic control sys- Switch Company has pioneered in new developments 
tems for all industry—marine, communications, power, that meet the advancing needs of modern industry 


RELAYS COMPLETE CONTROL PANELS... ASCO engi- 

neered and manufactured s+ dre pr vided by combining 

MECHANICALLY HELD...AC or DC...single throw ASCO Electromagnetic Controls with purchased equip 
... double throw. ..600 volts maximum. ment as needed. 


Bulletin 1255 Bulletin 1255-1668 
AC or DC, single and double throw; AC, single and double throw; up to 
25 amps. 6 poles double throw ; 25 amps. 


[he 2 pole, 30 ampere ASCO Automatic Transfer 
Switch Panel conforms to RETMA standards for emer- 
gency standby power generators and accessories for 
microwave installations. An automatic lockout relay 
prevents transfer until electric plant rated voltage and 
MAGNETICALLY HELD frequency are attained. 
... AC or DC...normally open...normally closed... ^ + 
double throw, Up to 12 poles...25 amps...600 volts. 


Bulletin 1054 
AC; double throw, 3 pole, 25 amps. 


AE. 


PRECISION SHELL-MOLDING PROCESS is com- 
Bulletin 1058 Bulletin 1055 pletely controlled by ASCO Solenoid Valves and Elec- 


DC relay; double throw, 12 pole, 10 amps. AC relay; double throw, 10 pole, 10 amps. tromagnetic Controls. The Electromagnetic Control 
Panel controls the valves, adjusts the neat input and 
* i j op times the investment and curing cycle. 
Special Purpose Relays—C/o:se Differential... Reverse Current... Time Delay. 


SOLENOIDS CONTACTORS — Magnetically held ... AC or DC... normally open 
ana . . normally closed . . . double throw. Heavy duty for all type loads. 


Bulletin 1025 "I! Bulletin 1035 
Normally open ; s Normally open ; 
single throw. 2 : k: single throw. :3 
pole, 100 amps., . | pole, 220 amps., 
250 volts DC - 600 volts AC 


For AC or DC service, ASCO solenoids are selected and 
engineered for your particular application to insure FOR DETAILED INFORMATION ON ASCO ELECTROMAGNETIC CONTROL EQUIP 
trouble-free performance. MENT — AND ITS APPLICATION TO YOUR NEEDS — WRITE US TODAY. 


To learn more about ASCO equipment: See Section H for ASCO Electromagnetic Controls for standby emergency power installations. 
See Section J for information on the extensive line of ASCO Solenoid Valves. 


fulomalic Swilch Co. 


579H LAKESIDE AVENUE * ORANGE, NEW JERSEY 
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Catalogs and Bulletins continued 


(U-79) ELECTRIC HEATERS — 
General Electric Co. Booklet GEC- 
1005 E, 60 pp. Units are described in 
terms of application, special features 
and installation. Many photographs 
and drawings illustrate immersion, 
strip, cartridge, tubular, insertion and 
fin heaters, thermostats, switches and 
oven heaters. Also has methods for de- 
termining power requirements and 
heat losses for many applications. 


(U-80) ELECTRONIC COMPO- 
NENTS—Centralab, Catalog 28, 34 
pp. Has complete selection data on a 
line of controls, switches, capacitors, 
printed electronic circuits, and steatite 
insulators. Illustrates all types, has wir- 
ing diagrams, and gives pertinent ca- 
pacity ratings. 


(U-81) SYNCHRO AND SERVO 
MOTORS—Ketay Mfg. Corp., Bulle- 
tin, 4 pp. Illustrates and gives complete 
engineering data on a line of: two 
phase servo motors; synchro control 
transformers; and synchro receivers in 
sizes as small as a penny up to a size 
31 frame measuring 3.10 in. OD. 


(U-82) MOLDED COIL RELAYS— 
Davis Electric Co., Catalog, 8 pp. Lists 
complete technical data regarding the 
various molded coil type open relays, 
hermetically sealed cannister type re- 
lays, and television deflection yokes. 
Covers operating characteristics, range 
ind sensitivity. 


(U-83) PLASTIC CAPACITORS— 
Plastic Capacitors, Inc., Catalog, 40 pp. 
Gives a complete picture of the status 
of plastic films used as the solid dielec- 
tric in capacitors. Has information on: 
containers; voltage range; tempera- 
ture range; resistance; dielectric ab- 
sorption; power packs; and pulse 
forming networks. Has illustrations of 
each model. 


(U-84) ELECTRICAL ACCESSO- 
AIES—General Radio Co., Catalog N, 
258 pp. A complete listing of all prod- 
ucts made, along with a photo, descrip- 
tion, capacity, curves, and wiring dia- 
grams. Among the accessories listed 
are: industrial instruments; motor 
speed controls; resistors; capacitors; 
£ LE C T k O S W d T e m inductors; impedance bridges; ampli- 
CORPORATION fiers; null detectors; coaxial elements; 
standard-signal generators; oscillators; 
meters; frequency measuring equip- 
ment, and others. 
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COMPUTERS-CONTROLS - COMPONENTS 


sy LIBRASCOPE 


X-Y 
PLOTTER & RECORDER 


A compact desk or rack-mounted instrument 
for recording two independent variables on 
standard graph paper, from either analog or 
digital inputs as continuous curve tracings or 
point plots. Handles direct or remote mechan- 
ical shaft rotations without modification. 
Special inputs to meet customer applications. 
For digital operation the following converters 
are standard: 


PUNCHED CARD BINARY 
CONVERTER DECIMAL CONVERTER 

Converts punched KEYBOARD 

card data to dis- For manual point 


nels of 9 binary 
crete point plots. plotting. 


digit capacity. 


kaa 1 
— — "' Bg 


SINE WAVE GENERATOR 


COMPUTERS TO ORDER: 


Librascope manufactures mechanical 
and electrical analog computers and 
digital computers for military and 
commercial purposes. You are invited 
to submit your special computer 
requirements to our engineering staff. 
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Consists of 2 chan- 


ANALOG- 
DIGITAL CONVERTER 


A shaft position to digital en- 
coder, 2" in dia., handles up to 
19 digits per unit, utilizes unique, 
non-ambiguous brush system. 


MAGNETIC AMPLIFIERS: 


Librascope manufactures ultra- 
fast magnetic amplifiers for 
industrial servo-controls, analog 
and digital computers, and servo- 
stabilization networks. 


a 


PACKAGED CIRCUITRY: 


Flip-flop cards, scan matrices and 
other miniaturized electronic 
packages are available to cus- 
tomer specifications. 


READ AND RECORD HEADS 


For recording or reading of mag- 
netic drum memory systems in 
digital computers. High read-back 
signal, low noise factor. 


1607 FLOWER STREET 


MECHANIC 
COMPONEN 


SINE-COSINE MECHANISM 


Self-contained unit converts angu- 
lar rotation into linear sine and 
cosine movements or solves many 
trigonometric functions. 


BALL & DISC INTEGRATOR 


Precision unit with lifetime lubri- 
cation. Used in totalizing, rate 
determination, differential analy- 
sis. Also serves as closed loop 
servo-element or variable speed 
drive. 


HOLLOW SHAFT 
DIFFERENTIAL 


Precision computer component for 
measuring angular positions or 
velocity sums. May be installed or 
removed without disassembly of 
unit or differential itself. 


LINKAGES 


Various linkage computing ele- 
ments are available, including: 
addition-subtraction linkages, 
linkage multipliers and function 
generators to express exponen- 
tial, logarithmic and square root 
functions. 


ENGINEERS, PHYSICISTS 
AND MATHEMATICIANS 


GLENDALE 1, CALIFORNIA 





PIN 
LUPA 
MISERE 
KNOW-HUW 


draw 


We 
grind our own segment mica, 


our own copper, 


manufacture our own steel 


components. These complete 
production facilities and qual- 
ity controls assure commutator 
dependability. 


And yet, we're proudest of our 
know-bow. Nippert's practical 
engineering vision tailors 
commutators to specific appli- 


cations. Sizes from 7/16 to 4. 


Specify Nepco Commutators 
and slip rings for peak 
performance in your electrical 


rotating equipment. 


"NIPPERT 


ELECTRIC PRODUCTS CO. 
Phone: RA-1116 


1719 W. Mound St. e 
COLUMBUS 23, OHIO 


112 








| 


i 


Catalogs and Bulletins continued 


(U-85) CIR CU ITR Y—Assembly 
Products, Inc., Bulletin 112, 8 pp. Ex- 
plains the tunctioning of 11 control 
and alarm circuits using meter-relays. 
Described are: automatic reset, single 
contact; automatic reset, double con- 
tact; manua! reset, double contact; 
selt-releasing, both single and double 
contact; interlocked load relays; non- 
locking contacts; plug-in units; and 
others. The principles of operation of 
meter-relays and some limitations on 
their use are discussed. 


(U-86) SERVOMECHANISM DE- 
SiGN—Cook Research Labs., Bulletin 
R-13, 16 pp. Called “Design Consid- 
erations ot a Saturating Servomech- 
anism,’ it presents some design 
considerations of a saturating servo- 
mechanism so that the servo designer 
can deliberately include the saturating 
characteristics of the control motor 
and load in the original synthesis. 


(U-87) CONTROL CENTERS—The 
Clark Controller Co., Bulletin PL6200- 
1-1053, 26 pp. Describes the many ad- 
vantages of centralized electrical con- 
trol systems through the use of a-c 
motor control centers. Typical instal- 
lations, specifications, construction de- 
tails, and planning tips are also fea 
tured in the bulletin. 


(U-88) MOTOR CONTROL—Allen- 
Bradley Co. Catalog 120 pp. Appara- 
tus described is direct current appara- 
tus, drum switches, rheostats, speed 
regulators, alternating current manual 
starters, alternating current magnetic 
starters, pushbutton limit switches, 
accessories and synchronous starters. 
Many components that fall into these 
categories are illustrated and complete 
specifications are given. 


(U-89) BATCH CONTROLLER— 
The Foxboro Co. Technical Report T1 
29-B-52-A, 4 pp, describes how con- 
troller prevents “overshoot” of a vari- 
able during startup of batch processes. 
Diagrams show instrument circuitry 
and comparative responses of various 
control actions. 


(U-90) SELENIUM RECTIFIERS 
—Sarkes Tarzian, Inc. Catalog 666, 72 
pp. This new handbook includes an 
up-to-date rectifier replacement guide. 
Different types of selenium rectifiers 
are treated in detail in separate sections 
of the book. Suggestions for applica: 
tions and engineering data provided. 








New Components for designing 


Electronic Equipment for 
RELIABILITY-IN-SERVICE 


Alden Components for Plug-in Unit 
Construction enable you to design to 
these Bold New Standards — 


1. Circuitry subdivided function by func- 
tion into plug-in units. 


. Tiny Tell-Tales spot troubles instantly 
. Plug in replacement spares in 30 seconds. 


. All leads brought to single accessible 
point of check,numbered and color coded 
so layman can make first-level tests 


It’s as simple as this — 


Organize your circuitry function by function in 
compact vertical planes using Alden Terminal 
Mounting Cards, Rotchet-Siot Terminals and 
Card-mounting Sockets. 


Alden Terminal Card Mounting 
System — for Packages — for 
Chassis 


y p the circuitry planes in Alden Plug-in 
y — and Basic Chasses which can be 
yanked out and replaced in 30 seconds. 


ALDEN 
PLUG-IN 
PAC KAGES 


ALDEN 

7, 9, 11 BASIC 
& 20-PIN CHASSIS ^3 

pg X a 


& i WIDTHS 


Monitor each plug-in unit with tiny Alden Tell- 
Tales that spot trouble instantly, permit checks 
while operating, from front of panel. 


ALDEN 
MINI-TEST 
POINT JACK 
#110BCS 


ALDEN 
MINIATURE 
PAN.i-LITE 
z86L 


ALDEN 
MINIATURE 
FUSE-LITE 
#440-4FH 


ar 


Centralize unit interwiring at a single accessible 
point of check, with Alden Back Connectors and 
Serve-A-Unit Lock which allow color coding and 
symboling that "reads like a book". 


A — ALDEN 
BACK CON. 
NECTORS bring 
all leads to sin- 
gle accessible 
check point 

B — ALDEN 
SERVE-A-UNIT 
LOCKS pilor, 
draw in, lock, 
eject chassis with 
half turn of the 
wrist, 


To get details request 
free: “Plug-in 
Handbook Data” 
Z Ww 
(m9) dto t€N Phopucrs * 


"« E 
111 N. Main St., Brockton 64, Mass. 
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HERMETICALLY 
SEALED METERS 


HM Series 


Marion true glass-to-metal 

hermetic sealing . . . long 

accurate life under adverse 

conditions of humidity, dust 

and hazardous atmospheres. 
HM2 (2V2") , Magnetically shielded. 


HM3 (3V2") 


HM4 (41⁄2”') . ! MARION 
"REGULARS” 


phenolic and metal cases — designed for commercial 
application where hermetic sealing or ruggedization is 
not required. All Alnico construction. Reliable high 
torque performance in moderate price range. 


MODEL 52N Series 52 


Accurate dependable service in 
smallest practical form. Model 52N 
(JAN MR24, MR25) 2!42" round 
phenolic case. 52S, 242" rectangular 
phenolic case. Model 52 RM, narrow 
flange brass case. Also available in 
brass case without flange, 52RMS. 


MODEL 53SN Series 53 
Standard 3" commercial rectangular 
type (Model 53SN). Also available 


in 34%” round phenolic case (Model 
53RN) (JAN MR34, MR35). 


MODH. 55 


Large 4%" x 4%". Critical read- 
ability on 100° scale. Extremely 
accurate. Most popular case style in 
test equipment field. 


MODEL 56 


6%" x 5%" phenolic case. Large 
open face with 100° scale in 54" 
arc. 


MODH. 57 


8/2" x 7" open face, extra long 
scale. More than a mere overgrown 
3" meter. Enlarged pole shoes — 
higher torque movement — higher 
damping factor. Accurate within 1%. 


ELECTRICAL INSTRUMENT COMPANY 


415 
= Canal Street, Manchester, New Hampshire, U. S. A 
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RUGGEDIZED 
s METERS 


HS] (11/2) HS Series 
HERMETICALLY SEALED 


22 Gccurate and sensitive even 
= P — conditions of shock, vibration 
chanical stress or strai | 
rain, weathe c 
climate. Outsta rm 
1te. nding performance i 
nn 214" and 314" E». — 
standard A.S.A. di i ^ 
s men 
HS3 (3V2) m 


RELATED 
PRODUCTS 


NULL INDI 
uggedized, CATORS 
Primarily gs 


departs from 
otection. 


Standard JAN 4 
se panel 
vine i : Hiermetica]] 
4 ers 
2s to 99999 Duis ; * 
ilable for 110-125 220. 25 


di and 914" 
imensiong z 
mco i fo 
y "x Operating 
L ed. Magnetica]] 

PS to 9999.9 y 


Starti 
arting Synchronous 


, 90 or 60 iuba Rs 


s AC, 


E libration 
Instruments 
®asuring sta 


to maintain 
* It is also 


ndards in the lab. 


Ower Source 


SOries degina. 15V A 


MARION MOD 
Improves a 


EL PM1 





There's Nothing Safer | 
than a Rocking Chair | 


LE 
... Unless You Put It 
in the Wrong Place. 


Solder is the bond that is 
used to seal metal to metal 
in the hermetic closure of 
electrical components. For 
many hundreds of applica- 
tions its limited structural 
strength is good enough. 


But what about parts that 

must fly at sub-zero temperatures and withstand 
vibration and changing pressures—and on 
their continued functioning hangs human life. 


An extremely favorable ratio of weight to 
strength is not the only factor that makes Fusite 
glass-to-steel hermetic terminals so fit to fly. 


Because they lend themselves so readily to weld- 

ing, you need not count on solder alone to hold 

the terminal in place. The tiny 

dimples on the illustrated 

terminal and lid are actually 

spot welds which give ad- 

f ditional structural strength 

to help keep a part function- 

ing after a solder seal has 
disintegrated. 


During assembly these welds 
serve to hold the terminal in 
place if the solder softens 
under the heat of sealing lid 
to container. 


We are equipped to weld 
the Fusite terminal of your 
choice into your lid. If you 
wish to do your own weld- 
ing our engineers are at 


your service. 


Would you like to see samples? 


Write Dep't. P-2 


me FUSITEconronanon 


6000 FERNVIEW AVENUE 
CINCINNATI 13, OHIO. 


IF THIS I$ YOUR PROBLEM. 


ELECTRIC 
HEATING 
ELEMENTS 


e STRIP * WRAP-ON BANDS 
* CARTRIDGES * TUBULAR 


Engineered to meet to- 
day's rigid demands for 
efficiency, economy, de- 
pendability and ease of 
application to:- 


e WASHING MACHINES 
e STERILIZERS 
© FUDGE POTS 


e WATER HEATERS 
e OVENS 

e FOOD WARMERS 
e COFFEE VENDERS e CHOCOLATE DISPENSERS 
e PACKAGING MACHINES . and many others 


STOCK DESIGNS OR MADE TO YOUR SPECIFICATIONS 


Write for free catalog, samples or engineering cooperation 


ACRA serenor 


CORPORATION 
FRANKLIN PARK, ILL. 


If you need effective, highly readable, 
smartly illustrated company literature 
(booklets, pamphlets, manuals) to dis- 
play your products, inform the public of 
your operations, attract key personnel to 
your plant, train employees, and perform 
any of the other communicative functions 
that are vital to your business . . . 


THIS IS YOUR ANSWER 


The McGraw-Hill TECHNICAL WRITING 
SERVICE has a staff of more than 150 
highly-trained writers, editors, and illus- 
tration specialists whose job it is to create 
technical and general literature for in- 
dustry. We write, illustrate, design, and 
print Equipment Manuals, Product Bul- 
letins, Handbooks, Company Histories, 
Annual Reports, and other specialized 
material. Save money and time. Let our 
staff be your staff for Technical and 
Business publications. 


This service is available through ad agencies. 
Write è Phone 


TECHNICAL WRITING SERVICE 
McGraw-Hill Book Co., Inc. 
330 W. 42nd St., N. Y. 36, N. Y. 
LOngacre 4-3000 
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^ Sete Systems 


ONENTS 


AND COM 


MOTOR-DRIVEN 
INDUCTION GENERATOR, 
GEAR TRAIN & SYNCHRO 
COMBINATIONS 


SERVO AMPLIFIERS 


— — Transicoil servo systems feature integrated 
INDUCTION GENERATORS 


design—every component is made to match 
all the others . . . coordinated to insure 
maximum efficiency and top performance. 


PLUG-IN ASSEMBLIES OF F For systems of your own design, Transicoil 
CONTROL MOTOR, GEAR can supply precision components de- 
TRAIN, POTENTIOMETER & signed to meet your requirements . . . their 
SYNCHRO effectiveness limited only by the restrictions 
you impose. MINIATURE CONTROL 


i MOTORS 
Complete data will be sent on request. 


RANSIGUIL | | 


107 Grand S 
CORPORATION .,5 1x. 


Engineering-Sales Representatives in: 


nuuu 


BOSTON, MASS. * BUFFALO, N. Y. * CHICAGO, ILL. * CLEVELAND, OHIO * DALLAS, 
TEX. * KANSAS CITY, MO. * LOS ANGELES, CALIF. * MiNNEAPOLIS, MINN. 
NETCONG, N. j. * PHILADELPHIA, PA. * PHOENIX, ARIZ. * SAN FRANCISCO, 
CALIF. * SEATTLE, WASH. * SYRACUSE, N. Y. * WASHINGTON, D. C. 


— — 
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from | 


millivolts to hundreds 


of; volts 


AIRPAX CHOPPERS 


operate well 


and reliably 


A-580 
400 CYCLES 
120 VOLTS 


Normal angle is 80°, 
with an external .039 ca- 
pacitor a ZERO angle is 
obtained, drive tosq uare 
wave. Hermetically 
sealed, SPDT contacts. 
Contacts are rated at 
2ma, 100 volts. Voltage 
may be as high as 200. 


C-747 
400 CYCLES 
6 VOLTS 


A MIDGET chopper % 


fitting standard 7 piu 
miniature shielded 
sockets. Phase angle is 
65°, contacts SPDT, 
rated 1 ma, 100 volts 
max. dwell time about 
135°. Model C-747 has 
been thoroughly proven 
in service and in test. 


A-589 
400 CYCLES 

6 VOLTS 
Nearly 100,000 of these 
choppers now in service 
demonstrate the relia- 
bility and performance 
of this very popular 
model. Phase angle 65°, 
contacts SPDT, rated 2 
ma, 100 volt max. dwell 
time about 135°. 


positive performance 


from 7O below 


to 100 C 


or while being 


vibrated or shocked 


far beyond 


usual test extremes! 


MIDDLE RIVER. 


NIU 


BALT. 20, MD 


Catalogs and Bulletins continued 


(U-91) SMALL LAMP SOCKETS- 
The Dialight Corp. Booklet L-154, 


| 22 pp. The bracket-mounted sockets 


are divided into two groups: soldering 
terminals, and those with wire leads 


| The units cescribed fall into the fol- 


lowing groups: (1) Double contact 
bayonet base with wire leads for bake- 
lite or ceramic disks; (2) Candelabra 
and intermediate screw with soldering 
lugs; (3) Candelabra screw with sol- 
dering terminals or wire leads; (4) 
Miniature screw with soldering ter- 
minals; (5) Miniature bayonet with 
soldering terminals or wire leads. For 
each particular group of sockets a 
choice of 12, 14, or 15 basic types of 
mounting brackets are illustrated 
Navy specification sockets are also il- 
lustrated and described. 


(U-92) INSTRUMENTS CATALOG 
—Electro-Tech Equipment Co. Cata- 
log 54, 190 pages. A comprehensive 
catalog, it is divided into 10 sections 
and covers the following subjects 
laboratory and portable test instru- 
ments; bridges, decades and recording 
instruments; panel and switchboard 
instruments; pyrometers, thermometers 
and associated equipment; service in- 
struments; transformers, voltage regu- 
lators, rectifiers and controls; timers, 
counters and photoelectric controls; 
heaters, accessories; 
switches, relays, solenoids, and sole 


furnaces and 


noid valves; and miscelaneous equip- 
ment. Each item is illustrated with 


| complete specifications given for each 


(U-93) MACHINE TOOL LIMIT 
SWITCH—Square D Co. Booklet 
SM-239, 14 pp. Describes the new 


| Class 9007 Type T heavy-duty oil 


type machine tool limit switch, offer- 
ing simple adjustment, eleven contact 
arrangements; and 80 deg. overtravel 
Has illustrations of all models, giving 


| electrical ratings and other necessary 
engineering data 


(U-94) ELECTRICAL CONTACTS 
AND ASSEMBLIES—P. R. Mallory 
& Co., Inc. Catalog 60 pp. Contains 
many line drawings, photographs and 


descriptions, charts and tables, and 


gives a description of the many types 
of contact materials their applications, 
and the advantages of each. Aids in 
the selection of the proper contact ma- 


| terial for any application, presents de- 


tailed assistance toward design of 
contacts and contact assemblies. 
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MODULATORS 


VARISTORS AND BALANCED 
BRIDGES. Copper oxide (CX3 
Series) and selenium (SM3 
Series). Cur- 
rent and tem- 
perature char- 
acteristics pre- 
cisely bal- 
anced. Hermet- 
ically sealed. 


INSTRUMENT 
RECTIFIERS 


CX2E Series. Rated up 
to 6 volts A.C., 45 volts 
p.C., 5 ma D.C. with 3- 
inch gold leads. Used 
for multimeters, comput- 
ers and other low cur- 
rent applications requir- 
ing maintenance of cali- 
bration and electrical 
characteristics. 


LABORATORIES 


DIODES 


Selenium (SEBL Series) and cop- 
per oxide (CX8 Series) types for 
low current use, providing excel- 
lent stability over à wide temper- 
ature range. Rug- 

ged and conserv- 
atively rated. De- 
pendable opera- 

tion maintained 
under moderate 7 
overload. ⁄ 


PHOTOELECTRIC 
CELLS 


Self-generating. Con- 
vert light directly in- 
to electric energy. 
No external power 
source required. No 
current drain when 
inoperative. Rugged, 

Model 1A — jightweight, true to 
rating. 


7 


TT: 


SELENIUM — 
HIGH VOLTAGE 


SEB Series 


SEG Series 


Ratings up to 6,000 volts 
peak inverse (higher in series) 
and 12.5 mà D.C. per uni 

Diameter from y," to 9". 
SE8 Series completely sealed 
in phenolic housings. SE 

Series hermetically sealed in 
glass tubes. 


MAGNETIC 
AMPLIFIERS: 


SM11 Series. Low leakage, 
uniform operating character- 
istics over à wide range of 
temperature variation, and à 
low rate of forward aging. 


Bradley $ 


P 1 £! 4 
BRADLEY LABORATORIES, INC., 170D Columbus Ave., New f C ! 
, Conn. 
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| Catalogs and Bulletins continued 


(U-95) MEASURING, INDICAT- 
| ING INSTRUMENTS—Schaevitz En- 
7 Reasons why | gineering. Booklet, 8 pp. lllustrates 


and describes a line of measuring, in- 

° | dicating, recording, and control devices 

Regohm 18 a for use in many different industries. 
Included are: linear and angular ac- 


natural for your | celerometers; linear variable differen- 


tial transformers; rotary variable differ- 
control system | ential transformers; pressure trans- 
ducers; rotary accelerators; and others. 
| A. detailed description goes with 
| each as to its varied use. In ad- 
dition line drawings to show applica- 

tion are included in many cases. 


| (U-96) TOGGIE SWITCHES—Mi- 
cro, Div. of Minneapolis-Honeywell 
| Regulator Co. Catalog Number 73a, 
12 pp, covers 19 precision snap-action 
toggle assemblies and over ninety AN 
| and JAN approved designs, including 
assemblies that will control anywhere 
from 1 to 24 separate electrical cir- 


This compact, electro-mechanical control- dynamic characteristics of the Regohm Cuns. The catalog has complete dimen- 
ler provides sensitivity, speed of response to those of your present system. sions, Operating Characteristics, elec- 
and system stabilization under severe op- G) trical ratings and contact arrangements 
erating conditions. Its design and operat- ANALYTICALLY DEFINABLE + The re- | on. aircraft, mobile, marine, railway 
sponse of Regohm is independent of the and other low voltage d-c applications. 
rest of the servo system. Its response char- t 
acteristic can be expressed in terms of All have standard bushing or panel 
conventional “transfer functions.” Regohm | mounting connections. In many cases 
acts as an integrating error-rate propor- | there is a choice of either solder, lug or 
tional controller. No appreciable steady- | screw terminals. 
Q) SMALL SIZE - Regohm is a compact, state — - m — - 

jlug-in device; lightweight, extremely be calculated in advance, simp ifying the : 

—— — The unit’s small design and facilitating the prediction of | (U-97) OIL-FILLED CAPACITORS 
size does not limit its power-handling ca- performance. —Industrial Condenser Corp. Bro- 
pacity. This makes Regohm a “natural” (s) iiien onii. En “oldod chure, 4 pp. Describes complete line 
where economy of space and weight are loop” systems a high-speed averaging ef- of oil, wax and electrolytic capacitors, 
your major considerations. fect occurs as Regohm’s armature oscil- | including radio interference filters. 
(2) POWER AMPLIFYING - Regohm is a —— * — A "—— 

igh-gain electro-mechanic: or g i. intermediate values between step resist- zt 4 š 
AS EE ances and results in continuous, stepless | (U-98) TWO STEP TIME DELAY 
can control energy changes millions of control in systems operating at power fre- RELAY —Elastic Stop Nut Corp., Bul- 
times greater. quencies and below. letin SRÁ, 4 pp. Information on a 
pneumatically controlled time delay 


ing features have made Regohm useful for 
automatic control systems in which heavier, 
more expensive and complex, but less ac- 
curate equipment had previously been the 
only available solution. 


C) LONG LIFE + In properly engineered ; : 
installations, Regohm’s life is measured relay, designed to introduce either a 


in years. Plug-in feature simplifies replace- | Sequence of time delay periods, or a 
ment and maintenance—there are no parts | Momentary impulse, into an electrical 
Controlled resistors on a panel in which t° Tenew or lubricate. Shelf life is sub- | circuit. Two types: with delay begin- 
Regohm is plugged, can have values from stantially unlimited. ning when coil is energized; or when 
zero to infinity, depending on the con- Our engineering and research facilities can | the coil is de-energized. Booklet has 


G) IMPEDANCE MATCHING * Signal and 
controlled circuits are isolated, both elec- 
trically and structurally. Signal coils may 
have ratings from 0.01 to 350 amperes. 


trolled svstem. help you apply Regohm to your servo sys- 

tem or regulator problem. Write for Bulle- 
(4) SYSTEM STABILIZING + A thoroughly tin 505.00, analyzing Regohm’s character- 
reliable, sturdy dashpot aids in system istics and applications. Address Dept. P,| (U-99) RELAYS—Advance Electric 
damping. It can easily and readily be ad- ELECTRIC REGULATOR CORPORATION, | ¿nd Relay Co. Booklet 6 pp. Lists 48 
justed over a wide range to match the Norwalk, Connecticut. V 


wiring diagrams and selection data. 


relays produced by this company for a 
wide variety of applications. Relays 

shown are grouped in accordance with 
RE G OH — CONTROL COMPONENT IN: Servo systems + battery their primary functions. Complete spe- 


chargers + airborne controls * portable and station- * . ° ° 
ary generators + marine radar + inverters + locomo- cifications such as contact rating, maxi- 


tive braking systems * mobile telephones * guided : 
missiles * signal and alarm systems + telephone mum contact arrangement, maximum 
central station equipment + magnetic clutches « rail- coil voltage or resistance, operating 


rood communication systems. ë > b 
power, and dimensions are given. 
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CTC Components shown include: A. capacitor; B. standard and in- 
sulated terminals; C. coil form kit; D. RF choke kit; E. coil forms 


and coils; F. coil kit; G. RF chokes; H. diode clips; I. panel hardware; 
J. standard and custom terminal boards; K. ceramic board, 


One big family with a single thought 


Whether you need terminals, clips, 
coils, chokes, capacitors — or any of a 
number of electronic components — 
you can be sure they’re right if they’re 
made by CTC. 

One continuing basic idea governs 
the manufacture of every CTC prod- 
uct. And that idea is: quality control. 
We could not guarantee our products 
as we do without a constant check of 
numerous details that determine reli- 
able performance. Our quality control 
engineers see to it that these manufac- 
turing standards are consistently main- 
tained — right through to periodic mi- 
croscopic inspection. 

Pictured here are a number of com- 
ponents available at CTC including our 
three kits. These items come in stand- 
ard forms and are also custom engi- 
neered to meet your particular require- 


ments. We would be glad to give you 
complete details, including specifica- 
tions and prices, on any or all CTC 
units — as well as information on how 
CTC components can be specially de- 
signed to solve your individual elec- 
tronic components problems. 

You will find it well worthwhile to 


use components that are guaranteed. 
Write to Cambridge Thermionic Cor- 
poration, 473 Concord Avenue, Cam- 
bridge 38, Mass. West Coast manufac- 
turers contact: E. V. Roberts, 5068 
West Washington Blvd., Los Angeles 
16 and 988 Market Street, San Fran- 
cisco, California. 


CAMBRIDGE THERMIONIC CORPORATION 


makers of guaranteed electronic components, 


custom or standard 
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NEW BOOKS 
Hydraulic & Pneumatic Equipment 


Basic Mechanics of Fluids by 
Hunter Rouse, Prof. of Fluid Me- 
cbanics and Director lowa Institute 
of Hydraulic Research, and J. W. 
Howe, Prof. and Head of Dept. of 
Mechanics and Hydraulics, State 
Univ. of Iowa. 6 x 9 in., 245 pp. 
Published by Jobn Wiley & Sons, 
440 Fourth Ave., New York 16, 
N. Y. $4.50. 


Intended to provide a fundamental 
basis of the mechanics of fluids for ail 
types of engineers, this book presents 
material that not only is basically 
sound, but also is directly useful. It 
approaches the subject from the me- 
chanics point of view at all times. In 
brief, the basic principles of kinematics 
and dynamics are applied to the ele- 
mentary motion of a fluid, and the 
effect of each essential fluid property 
is studied in turn. A constant effort 
was made toward the realization of 
general methods of analysis rather than 
isolated procedures for solving specific 
problems. An appendix gives the me- 
chanical properties of common fluids. 


The Dynamics and Thermodynam- 
ics of Compressible Fluid Flow— 
Vol. 1 by Ascher H. Shapiro, Prof. 
of Mech. Engrg., Massachusetts In- 
stitute of Technology. 6 x 9 in., 647 
bp. Published by The Ronald Press 
Co., 15 East 26 St., New York 10, 
N. Y. $16. 


During the past two decades a rapid 
growth of interest in the motion of 
compressible fluids has accompanied 
developments in high-speed flight, jet 
engines, rockets, ballistics, combustion, 
gas turbines, ram jets and other novel 
propulsive mechanisms, heat transfer 
at high speeds, and blast-wave phe- 
nomena. The purpose of this book is 
to make available to engineer and ap- 
plied physicists a work on compres- 
sible fluid motion which would be 
suitable as an introductory text in the 
subject as well as a reference work for 
some of its more advanced phases. 

The choice of subject matter has not 
been dictated by any particular field 


1120 


of engineering, but rather includes 
topics of interest to aeronautical engi- 
neers, mechanical engineers, chemical 
engineers, applied mechanicians and 
applied physicists. 

The basic objective has been to make 
the book of practical value for engi- 
neering purposes. The author-has fol- 
lowed the philosophy that the most 
practical approach to the subject of 
compressible fluid mechanics is one 
which combines theoretical analysis, 
clear physical reasoning and empirical 
results, each leaning on the other for 
mutual support and advancement, and 
the whole being greater than the sum 
of the parts. 

The analytical developments of this 
book comprise two types of treatments: 
those leading to design methods and 
those leading to exemplary methods. 
The design methods are direct and 
rapid, and easily applied to a variety of 
problems. 

The work is organized in eight parts. 
Part I sets forth the basic concepts 
and principles of fluid dynamics and 
thermodynamics from which the re- 
mainder of the book proceeds and also 
introduces some fundamental concepts 
peculiar to compressible flow. In Part 
II is a discussion of problems accessible 
by the most simple picture of fluid 
motion—the one-dimensional analysis. 
Part III constitutes a summary of the 
basic ideas and concepts necessary for 
the succeeding chapters on two and 
three-dimensional flow. 

Parts IV, V and VI then present in 
order comprehensive surveys of sub- 
sonic flows, of supersonic flows (in- 
cluding hypersonic flow ) , and of mixed 
subsonic-supersonic flows. Part VII 
deals with an exposition of unsteady 
one-dimensional flows. Part VIII is an 
examination of the viscous and heat 
conduction effects in laminary and tur- 
bulent boundary layers, and of the in- 
teraction between shock waves and 
boundary layers. For those readers not 
already familiar with it, the mathema- 
tical theory of characteristic curves is 
briefly developed in Appendix A. Ap- 
pendix B is a collection of tables which 
facilitate the numerical solutions. 


Fluid Mechanics by K. Vennard, 
Professor of Fluid Mechanics, Stan- 
ford University. 6 x 9 in., 401 pp. 
Published by John Wiley & Sons, 
Inc., 440 Fourth Ave., New York 
16, N. Y. $5.50. 


This third edition follows the same 
approach to the subject which distin- 
guished this book in two earlier edi- 
tions. The methods of fluid mechanics 
are analytical, rational and mathemati- 
cal rather than empirical. Here the 
author concerns himself with those 
basic principles which lead to the solu- 
tion of numerous diversified problems, 
seeking results which are widely ap- 
plicable to similar fluid situations. 

This book is intended for the be- 
ginner who knows the principles of 
basic mathematics and mechanics but 
has had no previous experience with 
fluid phenomena. The author presents 
his subject with these objectives in 
mind: the reader must follow theo- 
retical developments, build imagina- 
tion in visualizing physical phenomena, 
and be able to think his way through 
problems of theory and application. 
As an aid to the attainment of these 
aims, the book omits subsidiary con- 
clusions, applies first principles to spe- 
cific problems, and includes illustrative 
and numerical examples. 


An Elementary Text in Hydraulics 
and Fluid Mechanics by Ralph W. 
Powell, Prof. of Mechanics at Obio 
State University. 6 x 9 in., 316 pp. 
Published by The Macmillan Com- 
pany, 60 Fifth Ave., New York 11, 
N. Y. 


The revised edition of this introduc- 
tory text includes the most recently dis- 
covered data about hydraulics, includ- 
ing the flow of compressible fluids 
through pipes and from orifices and 
nozzle. A new chapter on hydraulic 
models is given, as well as five new 
articles on: fluid pressure mechanisms; 
submerged weirs; direct solution of 
pipe problems; flow through porous 
material; and efflux of compressible 
fluids. The text has 125 illustrations. 
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SECTION 


Hydraulic 
and Pneumati 


Equipment 


Pressure Drop in Pneumatic Components and Systems by Milton 
M. Slawsky, Morton Lutzky and Albertus E. Scbmidlin 


Remote Control of Double Acting Pneumatic Cylinders 
Basic Principles of Pneumatic Operators by Henry Milo 
Pneumatic Controllers and Devices by W. I. Caldwell 
J.l.C. Hydraulic Standards for Industrial Equipment 


Hydraulic Servo Design for Maximum Performance by Julius Y 
Kaplan and Stanley R. Sporn 


Eight Gaskets for High Static Pressure by Andrew R. Freeman 


Developments to Watch 





From SAE PAPER 


M ethod for Predicting 


Pressure Drop in Pneumatic 





Fig. 1—Family of flow curves for a 
pneumatic component. Each eurve rep- 
resents performance at a specified up- 
stream pressure. 


+ 


+ 


Š Fig-2 | Qu, cfm/psio 
O O00« 008 0l? Qiu 020 0.24 
Fig. 2—Characteristic curve of the 


pneumatic component having the per- 
formance shown in Fig. 1. 


<i. T 1 

ok Ren 
Component under test 

Fig. 3— Setup and arrangement for 


P, = 263 psio 
P= 515 
P, = 765 

Py = 950 
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STUDIES OF MANY PNEUMATIC compo- 
nents at the National Bureau of Stand- 
ards revealed inadequacies in current 
pneumatic testing practice. As a result, 
the bases for such tests were re-exam- 
ined. 

During the investigation, a method 
was derived for describing the pressure 
drop across any pneumatic component 
in terms of a single characteristic curve. 
This new approach permits the rating 
of a valve with extreme economy of 
time and much less ambiguity. 

The NBS study shows that when the 
ratio of absolute downstream pressure 
to absolute upstream pressure is plot- 
ted against the ratio of flow rate to 
absolute upstream pressure, a character- 
istic curve is obtained that is unique 
for the component under study. 

The complete behavior of the com- 
ponent can be specified simply by the 
measurement of a single value of the 
flow rate for a given value of the ratio 
of downstream to upstream pressure. 
The value of the flow rate where the 
ratio of pressure is 0.5 is designated 
the “flow factor." The flow factor is a 
constant for a give: valve. 

When once determined either ex- 
perimentally or theoretically, the flow 
factor can be used to predict valve per- 
formance for a wide range of upstream 
conditions. Performance of fixed ori- 
fice components can be predicted with- 
in an accuracy of 3-5 percent. 

Flow factors of a number of valves 
can be combined analytically into an 
overall flow factor. With such a flow 
factor, the behavior of a complex sys- 
tem that includes separate valves in 
series can be determined. 

A review of a common method of 
plotting flow data, and a discussion of 
the new method of plotting flow data, 
will be of help in explaining the 
meaning of the term "flow factor" as 
here used. 

A method of plotting the perform- 
ance of a component, which many 
manufacturers use to represent their 
data, is shown in Fig. 1; where 


Q = flow through the component, stand- 
ard cu ft of air per min 


Pu = absolute pressure upstream of com- 
ponent, psia 

Pp = absolute pressure downstream of 
component, psia 


Each curve in Fig. 1 represents a 
series of readings taken at a given up- 
stream pressure Pv. These curves are 
of the form 


Q = KVP -Pr (1) 
where K is a constant, the value of 
which depends upon the length and 
crosssectional area of the passage 
through the component, the friction 
factor, the air constant, and the mean 
absolute temperature of the air. 

From Eq (1), the value of Q is zero 
when the pressure downstream is equal 
to the pressure upstream. This condi- 
tion establishes one point on the per- 
formance curve. 

By determining experimentally the 
flow O and the downstream pressure 
P» at a given upstream pressure Po, a 
second point on the performance curve 
is obtained. With these values known, 
the value of K for the component is 
readily calculated since from Eq (1) 


K=Q/VP?-P (2) 
From these data, the remaining points 
on the performance curve for a given 
upstream pressure can be calculated by 
Eq (1) for a series of assumed values 
of downstream pressure. 


Family of Curves 


Note that Fig. 1 consists of a family 
of curves, each curve representing per- 
formance at a specified particular up- 
stream pressure. To obtain performance 
data at upstream pressures other than 
those specified in the family of curves, 
a designer must interpolate such in- 
formation from the given curves. 

For example: Suppose a designer 
desires to know the flow through a 
component, having the performance 
curves shown in Fig. 1, when the 
downstream pressure is 300 psia and 
the upstream pressure is 600 psia. To 
obtain this information from Fig. 1, 
he must interpolate the intersection of 
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a 600 psia Po curve with the 300 psia 
downstream ordinate to read a value 
of Q equal to 150. 


Method of Characteristic Curves 


A characteristic curve is shown in 
Fig. 2. This curve represents the per- 
formance of the same component that 
has the family of curves shown in Fig. 
1. The characteristic curve, Fig. 2, is 
plotted using the values 


Qu = Q/Pu = flow through compo- 
nent, standard cu ft oi 
air per minute per psia 
of upstream pressure 


r = Pp/Py = absolute pressure ratio 


The form of the characteristic curve 
can be derived from Eq (1) by con- 
version of the respective values, thus 


Q E K V Py? — Pp? 


Qu = 
d Pv Py 


(3) 
Py 


Po LKkA/ 1-8 


Any characteristic curve must pass 
through the point defined by r equals 
1, Qv equals 0. Since the form of the 
curve is known from Eq (3), and one 
point is known, the entire curve is 
determined simply by the specification 
of one other point. Thus by a measure- 
ment of one value of Qv for a given 
value of r, the complete behavior of a 
pneumatic component is uniquely de- 
termined. 

A characteristic curve can be con- 
structed from data calculated from any 
one curve in a family of flow curves 
such as are shown in Fig. 1. It is im- 
material which flow curve is used to 
obtain a characteristic curve because, 
for a given component, all flow curves 
generate the same characteristic curve. 

The process of taking experimental 
data for a component, therefore, is 
greatly simplified since only one ex- 
perimental flow curve need be obtained 
at some convenient upstream pressure 
and the characteristic curve constructed 
from these data. 

Note that the information available 
from both Fig. 1 and Fig. 2 is exactly 
the same. The curve in Fig. 2, how- 


ever, is simpler to construct and more 
readily used. 

For example: Suppose a designer 
desires to know the flow for this com- 
ponent at a pressure ratio r equal to 14 
and an upstream pressure Pv of 600 
psia. In Fig. 2, for r equal to 15, Qc 
equals 215. Then the flow Q is 21^ 
times 600, or 150 standard cu ft of air 
per minute. Note: For this same exam- 
ple, it was necessary to interpolate the 
curves in Fig. 1, however, the same 
result was obtained. 

The pressure drop A P through a 
component 1s 


Ap = Py —Pp = Pi 
= Py (1 — 1) 


-— rPi, 
(4) 
If the problem is to find the pressure 
drop through this component when 
the flow is 75 standard cu ft of air per 


minute and the upstream pressure IS 
600 psia, the value of Qv is 


Qu = Q {Pu = 75/600 zm 0.125 


From Fig. 2, for Qv equal to 0.125, r 
equals 0.91. Then from Eq (4), the 
pressure drop is 


Ap = 600 (1 — 0.91) = 54 psi 


To verify that the characteristic curve 
of a component is indeed unique, ex- 
perimental data were taken at several 
upstream pressures for three solenoid 
valves. The test setup is shown in Fig. 
3. The approach and exit sections are 
sufficiently large with respect to the 
ports of the pneumatic components to 
obtain a Mach number at the pressure 
tap less than 0.2. For components of 
l4 in. and 34 in. tube size, the con- 
necting sections were 1^ in. I.D. Sec- 
tions of larger inside diameter were 
used for larger components. 

From these test data, characteristic 
curves were plotted for each valve; one 
of these curves is shown in Fig. 4. For 
all the valves studied, the resulting 
characteristic curves are so close to- 
gether that they may be considered 
identical, and as representing a single 
curve independent of upstream pres- 
sure. 

It is obvious that the characteristic 
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curve is a more convenient method of 
recording component behavior than the 
more common method of plotting a 
curve for each upstream pressure. The 
utility of the characteristic curve, how- 
ever, goes further than mere conve- 
nience in plotting. 


The Flow Factor 


The characteristic curve as expressed 
by Eq (3) is not in a convenient form 
for comparing the performance of dif 
ferent units since the constant K is not 
independent of the particular units. 

An independent parameter, how- 
ever, can be obtained by arbitrarily se- 
lecting a specific value of r since the 
complete behavior of a valve is unique- 
ly determined by a measurement of one 
value of Qv for a given r. For certain 
reasons, it is convenient to select a 
value of r equal to 14 to obtain an 
independent parameter. Thus where 


r’ = $ = a specific pressure ratio 
Qu’ = flow through component, stand- 
ard cu ft of air per minute per psia 
of upstream pressure when Pp/ Py 
equals j. 


from Eq (3) 


- Qu'/ VA — (r? " Qv'/N 
Qv'/ V 3/4 = Qu’ N 


Substituting Eq (5) in Eq (3) there 
results 
Qu = Qu' V 4/3 Vi-r (6) 
The parameter designated earlier as 
“flow factor” is the quantity defined 
by the term Qv’ in Eq (6). Where 


(7) 


thus the flow factor for a pneumatic 
component is the value of Qv at r 
equal to 15, and Eq (6) can be written 
as 


F = flow factor = Qy’ 


Q; =F V 4/3 Vi-r (8) 


Qu/F = V 4 3 V 2 ° r2 (9) 
By plotting the variable Qc/F (rath- 


J3 





Second 
Component 


and ratio of system flow factor to flow 
fector of first of two components in scries. 


008 2Ol6 o2 


curve of system 
_ having four components in series; 


er than Qv) as abscissas and values of 
r as ordinates, a normalized character- 
istic curve is obtained as shown in 
Fig. 5. Any normalized characteristic 
curve, for any component, must pass 
through the points 


Qy/F = 0,r = 


The advantage of a normalized char- 
acteristic curve, other than its inde- 
pendence of units, is that such a curve 
facilitates the comparison of different 
components. For example, if two dif- 
ferent components for which the func- 
tional dependence of Qv on r is the 
same but for which the flow factors 
are different, the normalized curves for 
the two components will be exactly the 
same. Thus, it can be decided how 
similar two components are with re- 
spect to their flow versus pressure ratio 
characteristics by simply comparing 
their respective normalized character- 
istic curves. 

Note that the value of F should be 
explicitly stated with any normalized 
characteristic curve; otherwise, the 
value of Qv could not be obtained from 
Qv/F when attempting to interpret the 
curve. 

Extensive theoretical and experimen- 
tal studies show that the normalized 
characteristic curve for most pneumatic 
components falls in a fixed range. This 
range is bounded by curves having sim- 
ple analytic representations. The upper 
bound is given (Refs. 1, 2, and 3) by 
the curve 


l;andQu/F = 1,r =} 


Qv/F = 2 V r(1 —r) (10) 
Equation (10) is a mathematical ap- 
proximation to the theoretically correct 
isentropic flow formula. This equation 
represents a component in which there 
is little loss in stagnation pressure, and 
in which static pressure changes only 
as a result of area change. 

The lower bourd of the range for 
normalized characteristic curves is giv- 
en (Refs. 1 and 2) by the curve 


Qv/F - V 4/3 V1- 2 (11) 


Equation (11) represents a component 
in which loss in stagnation pressure is 
considerable, and in which the static 
pressure changes both as a result of 
stagnation pressure change as well as 
area change. 

A third form of curve is found use- 
ful in describing a component the nor- 
malized curve of which falls between 
those described by Eqs (10) and (11). 
The equation for this third form is 


= V/8/5 Vr(ü-—r) 3-r) (12) 


By plotting curves as described by 
Eqs (10), (11), and (12), it can be 
seen that the spread between them is 
not great; and that the mean curve is 


sufficient to insure 5 percent accu 
racy in predicting pressure drop. 

Experimental measurements of high 
pressure pneumatic components, such 
as check valves and solenoid valves, 
show that the average value of F ranges 
between 0.1 and 0.5 standard cu ft ot 
air per minute per psia. 

A fairly accurate description of a 
valve can be given simply through the 
statement of F; that it, by designating 
a component as an 0.10 valve, or an 
0.42 valve, as the case may be. If a 
more accurate description is desired, 
one of the stated analytical equations 
may be used with the appropriate value 
of F substituted for the flow factor. 

The flow factor for a given com 
ponent may usually be obtained b; 
actual measurement of flow. For a sim 
ple component, the main restriction ol 
which is in the form of a short duct 
the diameter of which is small com 
pared to that of the main flow channel 
however, the flow factor may be cal. 
culated from the semi-empirical for 
mula 


16.5 2 (13) 
where 


A = cross-sectional area of the duct, 
sq. in. 


Equation (13) is based on consid- 
erations of critical flow and a mean 
discharge coefficient. 

A simple device of this type, there- 
fore, can be completely described in 
terms of the area of its smallest re- 
striction 


NORMALIZED CHARACTERISTIC CURV! 
For TUBING. Analysis of flow in tub- 
ing and experime antal data confirm that 
the flow factor for long lengths of 
tubing can be calculated by 


F — 235A 4/ d/fL (14) 
where 


d = diameter of tubing, in. 
L = length of tubing, in 
f = friction factor (average) 
4 = cross sectional area of tubing, 
sq. in. 
Pneumatic Components in Series 
The flow factor F. for a system con- 
taining several pneumatic components 
in series is defined in the same way as 
the flow factor F is defined for a sin- 
gle component. The flow factor F. is 
the O/Po at P»/Pv equal to 15, where 
Q is the flow in standard cu ft per 
minute through the system, Pv is the 
absolute pressure upstream of the first 
component in the series, and Po is the 
absolute pressure downstream of the 
last component of the series. 
Once the F, is known, the whole 
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system can be treated as a single com 
ponent with the flow factor F.. Con- 
sider two components placed in series 
in a flow system as shown in Fig. 6 and 
flow is in the direction of the arrow 
In this system 


Qus = flow through the system, stand- 
ard cu ft of air per minute per 
psia of pressure upstream of 
first component 
pressure upstream of the first 
component, psia 
= pressure upstream of the sec- 
ond component, psia. 
pressure downstream of the sec- 
ond component, psia. 
Pı/Py = pressure ratio of first 
component 
P/P, = pressure ratio of sec- 
ond component 
rir: = P2/Py = 
of system 
= flow factor of first component 
flow factor of second component 
= flow factor of system 
F/Fı = ratio of component 
flow factors 


pressure ratio 


Case I. When the components have 
the respective’ formulas 


Qus = 2 P, N 


ri (1 — ri) 
Q/P, = 2 Fə V To l ~ Te 


it can be shown mathematically that 

the formula for the flow factor of such 

| two component system IS 
F, o 


F, = P [N 4+<a4 


(15) 
V2 


-a?]i 
Case II, When the components have 
the respective formulas 
1 


Qus = Q/Pu = Fy 


i 
N 3 Vv l — r> 


it can be shown mathematically that 
the formula for the flow factor of such 
a two component system is 


Q/P, = F; 


Fs a 


E * (16) 


1 + a2 

In a three component system, the F, 
can be found by first obtaining the 
combined F resulting from F, and Fo, 
and then combining this result with F3 
to give F.. In this manner, the method 
can readily be extended to an »-com- 
ponent system. 


The reason that Eqs (15) and (16) 
are different is that the assumed func- 
tional forms of the characteristic curves 
for the components are different. The 
simplest result is obtained when both 
components are assumed to obey Eq 
(11); this result is given in Eq (16). 
This particular assumption has the fur- 
ther advantage that when the two 


components have formulas as follows 


Qu -Fiy4/3 vV1-—r? (17) 


and 


Qu —- F»./4/3 V1—7r (18) 


r spectively. It can be shown that the 
curve for such a system is 


Qus = F, /4/3 NV1—r (19) 

This simple law, Eq (19), stating 
that the form of the system curve is 
the same as the form of the component 
curves, is true only when the two com- 
ponents obey the Eqs (17) and (18). 

Since Eqs (15) and (16) for 
F,/F, appear to be similar when 
plotted as in Fig. 7, Eq (16) can be 
used for most components without any 
great sacrifice of accuracy. 

The characteristic curve given by Eq 
(11) has other advantages besides per- 
manence of form. To investigate its 
properties further, the associated Eq 
(16) can be written in the form 


F, (F/F) 
T V/ 14- (Fs/F1)? 1 


"2 + Fe 
V FP 
Pi Ps š 
v F? FP (29) 

Since Eq (20) remains invariant 
under an interchange of F, and F>, the 
flow factor for a system composed of 
two components described by Eq (11) 
is independent of which component is 
upstream. 

This independence of order persists 
even though the system may be com- 
posed of more than two components; 
thus, for three components, 


Fı F: F; 


Fs = 
V. (Fy F3)? -- (Fs F3)? --(F5 F4)? 


(21) 


and for four components 


i Fı Fz Fz F4 
Fs = j 2 š (22) 
(Fi PF 2F3)? +(FsF oF 4)? + 
y (FFF)? +F FF)? 


. In an experiment to check Eq (22), 
four pneumatic components were con- 
nected in series and the calculated 
system flow factor was compared to 
the experimental system flow factor. 
The components with their flow factors 
were 


Flow Factor 


0.174 
0.233 
0.166 
0.152 


Component 


Drain Assembly 
Check Valve 
Solenoid Valve 
Line Control Valve 


The calculated F, is 0.88, and was 
in agreement with the experimental 
value of 0.88. 

In another test using the same 
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valves, the drain assembly was changed. 
The flow factor for the new drain as- 
sembly was 0.360. With this change 
the calculated F, was 0.097. In testing, 
an experimental F, of 0.102 was ob- 
tained, giving a discrepancy of about 
5 percent. In Figs. 8 and 9, the char- 
acteristic curves for the systems tested 
are shown. 

The flow factor for a system of more 
than two components can also be cal 
culated by Eq (15), but the analysis is 
more cumbersome mathematically, and 
is best carried out by a step by step 
graphical method. 


Conclusions 


The engineering problem of design- 
ing pneumatic components concerns 
the relationship of their geometric con 
figuration to how and pressure differ 
ences. Such problems are simplified 
when certain variables are selected so 
as to require the fewest specifying 
parameters. 

To reduce the number of parameters 
needed to predict the performance of 
pneumatic components, the authors 
have analyzed much experimental data. 
These investigations verify that only 
one numerical parameter, called the 
flow factor, and a consideration of the 
upstream conditions are needed. 

The characteristic curve of a valve 
does not require the plotting of a 
curve for each upstream pressure. The 
flow factor determines with fair ac- 
curacy the complete characteristic curve 
The flow factor, therefore, can be 
utilized as a single parameter to de- 
scribe a fixed orifice component. 
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Remote Control of Double 


—— —— 


These six circuits were selected as practical examples of the choices a design 


engineer has with modern pilot-controlled, pressure-operated air control valves. 


— c ccc ccc cc ccc ccc ccc ccc — — — —— — — c — A — A — —— í 


FRED W. HICKS 


Chief Engineer— Valves, Hannifin Corporation 


ALL PNEUMATIC CIRCUIT.—Two 3-way 

* "master" valves are controlled by a single 

pilot valve. One of the master units is ““Normal- 

ly Closed”; the other “Normally Open” as 
shown in the diagram. For the conditions 

shown, the two 3-way valves are identical; only 

the pipe connections differ. Although a hand- 

operated pilot valve is shown, a foot-, cam-, or [Ld 1 
solenoid-operated unit could be substituted. The eua ib ditt T) t 
only electrical requirement for this circuit is ET " 
that of the solenoid-actuated pilot. This is an ie ample 

advantage for installations involving hazardous filtered ond lubricated 
atmospheres. Also, it is usually desirable to > 

mount the two master valves as close as possible T 
to the cylinder ports, but the pilot valve can be 
located at any convenient, remote point. 


ALL ELECTRIC CIRCUIT—T wo 3-way sol- 
* enoid “pilot-master” valves. These have in- 
tegral solenoid pilot heads, eliminating the sepa- 
rate pilot in the circuit above. Solenoids are con- 
nected in parallel in the electrical circuit, so 
the two valves will operate simultaneously. 
(Again, one valve operates “Normally Closed” ; Normally closed | 
the other “Normally Open”; and the two valves ^ | 
are identical, simply being assembled and con- à [ ; 
nected differently.) Both this circuit and the P L | addo iie 
circuit shown in Fig. 1 are fast acting because, p a | filtered ond lubricated 
with the two 3-way master valves mounted di- t — 
rectly at the cylinder ports, it is possible to ex- 
haust the air from in front of the piston rapidly. 
However, this all-electric circuit is the faster of 
the two and is particularly well-suited to large, 
long-stroke cylinders. 


— — 4T 
i y 


]r——— ra 


— 


A C (or D C) 
supply 


ALL PNEUMATIC CIRCUIT—One 4-way 

* master valve is controlled by a 3-way pilot 
valve. Here the pilot valve shown is of the **hand 
toggle" type. If the cylinder is to advance and 
hold, as in a clamping application, a locking š 
hand toggle valve might be used. Or this could Fig.3 
be a foot-operated pilot valve, locking, non-lock- 
ing. While the use of a 4-way master valve— 
rather than two 3-way master valves—leads to a 
simpler circuit diagram, good practice limits Air supply 
this cireuit to small and medium-sized cylinders. filtered and lubricated 
On a large, long-stroke cylinder, two 3-way 
valves, one at each port of the cylinder, will 
operate the cylinder faster and conserve air, be- 
cause they eliminate the filling and exhausting 
of long runs and large pipe between a 4-way 
valve and the pneumatic cylinder. 
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Acting Pneumatic Cylinders 


Each of the circuits shown provides simple "advance-retract" operation of the 


cylinder, yet they form the basis for solving complex air control problems. 


Air supply 
filtered and lubricated 
e= 


A.C. (or D.C) 
supply 


= 


1 


= 


Solenoid No. 2- L 


| "Solenoid No.1 | 

Air Supply ! d 

filtered and lubricated | 
| 


— 


No.l 


AC (or DC) 
Supply 


Normally open 


Air supply 
filtered and lubricated 
Normally closed = e 


ols Tye A 
AC for D.C) LU 5 IOs T —F 


—* 


———ÀÁÁÁ M À S À  — — — ——— — — — — — — 


4 ALL ELECTRIC CIRCUIT—One 4-way so- 
* lenoid pilot-master valve. This is a 4-way 
valve with the same type of integral pilot head 
used to actuate the 3-way pilot-master valves. 
This valve, too, operates almost instantaneously, 
and within the limitations mentioned under Fig. 
2, it provides fast operation. With the particu- 
lar design of 4-way valve shown, it is possible to 
reverse the action of the eylinder simply by 
using the left-hand port instead of the right- 
hand port as the inlet. This avoids criss-crossing 
the lines from the valve to the cylinder ports. In 
any of these electrically controlled circuits, cam- 
operated switches could have been substituted 
for the push button switches shown. 


5 MOMENTARY CONTACT CIRCUIT—One 
* 4-way solenoid pilot-master valve, solenoid- 
controlled in both directions. The pilot valve in 
this integral pilot head is mounted between two 
solenoids. Momentarily energizing one solenoid 
causes the pilot valve to shift, and with it the 
main or master valve. Both valves remain shift- 
ed until the other solenoid is energized. Push 
buttons or limit switches need only be touched 
when this valve is used, and complicated elec- 
trical circuits are avoided. Also, with this type 
valve, there is no possibility of an accidental re- 
versal of the cylinder resulting from electrical 
power failure, as there might be when a single- 
solenoid type valve is held in the actuated posi- 
tion by continually energizing its one solenoid. 


COMBINATION CIRCUIT — One **pilot- 
e master" valve and one master valve. Here 
the solenoid-controlled pilot-master valve, op- 
erating “Normally Closed,” acts both to admit 
air to the cylinder for the advance stroke and, 
at the same time, to actuate the “Normally 
Open” master valve so that it closes to pressure 
and opens to exhaust, thus permitting the pis- 
ton to advance. While this is the most econom- 
ical cireuit for the electric control of double- 
acting cylinders, care must be taken in piping it 
to make sure that back pressure on the return 
stroke does not prevent the master valve from 
reversing. This will not ordinarily be a problem 
if the line to the head of the master valve is 
made large enough. If tubing is used, it should 
not be smller than !4 in., inside diameter. 


-—  — —— — — anM — — — — — — — — — — 
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Basic Principles of Pneumatic 


Pneumatic operators are used for tripping alarms or shutting down processes when the safe 
operating limits are exceeded. In general they are placed in instruments such as pressure gages 


| 
I 


weer ewww wwe ow —— 


| 
| 
| 


Fig. 1—Sing!e switch consists of a flapper-nozzle unit 
> Actuating lever A linked to an actuating lever. Nozzle position or alarm 
point is set with adjusting screw B. When the nozzle is 

Fig. |  Hairspring G 2 7 covered by flapper €, air fills the system expanding bel- 
lows E. This closes contacts in switch H. When lever 4 

opens the flapper, air is released through the nozzle; 
bellows E contracts and opens the electrical circuit. A 
small orifice or restriction F in the supply side reduces 
| the air flow required to operate the system. Hairspring 

| G holds the flapper against the nozzle when the actuat- 


Adjusting —— ing lever is below the set point. 
screw B ó 


Motion 
Electrical 
--“switch H 


-—-Be! lows E 
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Restriction F 
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| Fig. 2—This system actuates two alarms from a single Electrical 
1 motion and is normally used to indicate both high and | 
į low limits. Nozzles are on opposite sides of the flappers. [ering v 
i When actuating lever 4 is in its safe position both flap- " 
Í pers, C and S, are away from their respective nozzles D Bellows J 
i and N, and neither bellows E or W is filled. If A travels 
Í clockwise, flapper S covers nozzle N at its predetermined JL " J 
H set point, causing bellows W to expand, and closing the Air supply Restriction F A Bellows E 
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^ 
I Flapper K 


contacts in the electrical switch T. This indicates that the 
high point has been reached. Since nozzle D is still un- 
covered, electrical switch H is not energized. When lever 
A reverses, nozzle N is uncovered, spilling the air from 
bellows W and the switch T opens contact. Thus, the unit 
is again in a safe position. When 4 rotates counterclock- 
wise and hits the pre-set low point, the other switch, H. 
is energized. 


Fig. 3—Gap or interlock operator provides “on” and 
“off” action. Alarm cannot operate until the motion has 
passed through both set points from either direction. 
For example, if the control points were set at 1 and 9, 
respectively, action would be as follows: There is no air 
in either pusher-bellows J or O and the flapper K is held 
away from nozzle L by spring M. This leaves nozzles D, 
N and L uncovered and consequently there is no pressure 
Actuating lever A built up in the device. When the lever starts forward, 
- nozzle D is covered at set point 9, but nozzle L is still 
vented and no pressure is built up in bellows E. When 
lever reaches No. 1 setting, nozzle N is covered. This 
expands bellows J which pushes flapper K against noz- 
zle L and, since Nozzle D was already covered, pressure 
is built up in both bellows J and O, expanding bellows 
E and making contact in electrical switch H. The alarm 
is then energized indicating that the high point has been 
reached. The motion can now drop back to any point 
above the 9 setting, uncovering nozzle N and releasing 
the air pressure in bellows J. However, the pressure in 
bellows O keeps nozzle L covered or locked until the 
No. 9 set point is reached, uncovering nozzle D and spill- 
ing the air from bellows O and E. This action requires 
a substantial change in position before the alarm is reset 
and prevents chattering around the high point. 


— — — — — — — — — — 
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Operators HENRY MILO 


or thermometers, but they can be used in other devices wherever the available power is very 
small. Any of the units described will operate on less than 2 gram centimeters of torque. 
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Fig. 4—Shutdown operation provides a warning signal 

when a predetermined measured value is reached. Signal 

will continue until the manual release switeh P is 

pushed. A typical example would be as follows: At the 

start of the lever travel, nozzles D and L are uncovered 

and nozzle R is covered. When the set point is reached, 

nozzle D is covered, expanding pusher bellows J 

which forces flapper K against nozzle L. This expands 

both bellows O and E, operating the alarm. The lever 

can drop back to a safe position uncovering nozzle D 

| but the alarm system is still under pressure due to the 

Manual pusher bellows O covering nozzle L and the spring ac- 

relgose P tion covering nozzle R. Not until the operator manually 

pushes the release lever P, venting the air out of the sys- 

tem, does the alarm shut off. When the air is vented, 

! bellows O contracts and the flapper K is pulled back 

to bellows J by means of the spring M. 

l Bellows O| 
Flapper K | 


LLL J'Wellows E f TN Acfuating level A 
supply Restriction F w 





Fig. 5—Operator for actuating a common alarm from | 7 

both the high and low limits of a single motion. Its ac- I l ' — 
tion is similar to that of Fig. 2 except that both flappers S ; ` 9 

S and € cover their respective nozzles when the motion | — Mozzíe D 
is in its safe position. If either nozzle D or nozzle N be- 

comes uncovered, the electrical switeh H is energized. 


Actuotin 
Hoirspring G lover & 
— ` 


Air supply | 
e = z 


Restriction F 


Adjusting” N Fig. 6—Air valves can replace electrical switches when 
screw 8 the function is to open (or close) a pneumatic line in- 
stead of sound an alarm. When the actuating lever 4 
rep —— is below the set point, nozzle D is covered, air fills bel- 
port lows E causing the relay plunger to shut off the inlet 
8 port. Air in the valve bellows X escapes through the rela» 
outlet port and the valve Y is closed. When 4 reaches 
the set point, flapper C uncovers D and the bellows E 
collapses. This pulls back the relay plunger opening the 
inlet port and closing the outlet port of the relay. The 
air then fills the valve motor bellows X and opens the 
| valve Y. Capacity of the bellows X is large in relation 
; to the nozzle capacity D and a relay is generally placed 

between the valve bellows and the operator unit. 
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Process 
," variable 
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-p------ 


A 
‘Output 
pressure 


Percent of range 


Time 


Fig. 1—Response of a proportional position con- 
troller having a proportional band of 200 percent 
to three types of inputs. — (A) Step input. — 
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From Control Engineering 


Process 


/ variable 


888853558 


Percent of range 
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Output 
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(B) Ramp input. — (€) Sinusoidal input. Note 
in each example that the output pressure varies 
20 percent, while the process variable varies 40. 


"7Actuating signal 


@ = phase change * - 360(y]deg 


Fig. 3—When frequeney of process cycling is 
high, the output pressure lags behind the actu- 
ating signal. This lag will occur above some 
frequeney f, as shown in Fig. 2. 


Pneumatic Controllers 


and Devices 


Available modes of control, with mode equations. Basic controller 


components and analysis of component operation. Only the sim- 


pler basic pneumatic control devices and functions are discussed. 


W. I. CALDWELL 


Director of Research 
Taylor Instrument Companies 


PNEUMATIC CONTROLLERS are used 
to perform the following functions: 
l. Detect the difference between the 
values of a reference input and the 
controlled variable; this difference is 
the error or actuating signal 2. In re- 
sponse to the actuating signal, produce 
an output pressure modified in ac- 


Jio 


cordance with desired controller ac- 
tion; the output pressure cah be used 
to position a final control element di- 
rectly or through auxiliary apparatus. 

The controller input can be a mo- 
tion or a force and can be produced 
by the primary control element or by 
the action of a transmitter. 

The value of the reference input can 
be fixed, be dependent on the value of 
another variable or follow a specific 
time schedule. 


Controller actions can be defined by 
equations relating their output pres- 
sure to the actuating signal, and can 
be classified by the types of control 
modes that they provide. In pneumatic 
instruments, the most common control 
modes are: 1. Proportional position; 
2. Proportional plus reset; 3. Propor- 
tional plus rate; and 4. Proportional 
plus reset plus rate. 


PROPORTIONAL POSITION. Propor- 
tional position action causes the out- 
put pressure to be proportional to the 
actuating signal. The value of the 
change in output pressure for a given 
change in the actuating signal depends 
on the proportional band of the in- 
strument. Proportional band is the 
range of the controlled variable that 
corresponds to the full operating range 
of the final control element. When the 
controller is of the indicating type, 
proportional band is expressed as per- 
cent of the process variable scale 
range. For nonindicating controllers 
the input of which is furnished by a 
transmitter, proportional band is ex- 
pressed as percent of range of the 
transmitted signal. 

For example, if the output pressure 
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,Qutput pressure with rate response 


a 
a 


To limit of 
output pressure a-t ç 


x. 
— 
PR 


Output pressure of 
proportional position 
response (T=0) 


Fig. 6 (Right)—Response 
of pneumatic controller to 
a ramp actuating signal 
for proportional position 
and proportional plus rate 
modes of control. The rate response leads the proportional! response by 
an amount depending on the rate time and a constant. 


Percent of response 


Time, minutes 


Fig. 4 (Left)—Response 
of controller with propor- 
tional plus reset action to 
a step change in the actu- 


Time, minutes 


—--—— Output pressure, reset rate, U=O 


Log of M, 
ratio of amplitudes 


Output pressure, reset rate, U=2 repeats 
per minute 


IL Ab 
2T 2T 
Log of frequency, cpm 


Log of frequency, cpm 


from a proportional position control- 
ler operates a control valve that goes 
from completely open at 3 psi to 
closed at 15 psi, then 12 psi is the 
full operating range. In addition, if 
the recorder or indicator goes from 
20 to 60 percent of full scale with a 
controller output change of from 3 to 
15 psi, the proportional band of the 
controller is 40 percent. These bands 
vary from small values to over 100 
percent. 

The value of proportional band is 
also the ratio of the change in process 
variable, expressed in percent of scale, 
to the change in output pressure, ex- 
pressed in percent of pressure range, 
required to produce full stroke of the 
final control element. This definition is 
useful when the proportional band is 
larger than 100 percent. In Fig. 1 are 
shown the responses of proportional 
position controllers having a propor- 
tional band of 200 percent to three 
types of inputs; namely, step input, 
ramp input, and sinusoidal input. 


Where 


B = proportional band 
ð = controlled (or transmitted) vari- 
able 


@ = reference input 


ating signal. 


Log of M, 
ratio of amplitudes 


Fig. 5 (Left) — Plot of 
ratio of amplitudes and 
phase change versus fre- 
quency for sinusoidal in- 
put for a controller with 
proportional reset action. 
Values of the proportional 
band and reset rate can be 
determined from curves 
similar to the ones shown. 


f,phose change 
deg 


E A 50 
ent emt 2TT 
Log of frequency, cpm 


Fig. 7—Effect of a sinusoidal actuating sig- 
nal on frequency response of controller with 


proportional plus rate action. 


AB range of controlled (or transmit- 
ted) variable 
P = output pressure 
P, — output pressure 
signal is zero 
range of output pressures corre- 
sponding to full operating range of 
the final control element 


when actuating 


AP = 


The static equilibrium output of a 
proportional position controller is 
given by 


AP 8, 
P-P ( )( ) 
B A9 


Additional terms must be used to 
represent the dynamic behavior of a 
proportional position controller. It is 
because of these terms that the output 
pressure only approximates a step 
when the input is a step, Fig. 1(A). 
These terms also affect the response of 
a controller to a sinusoidal wave, Fig. 
2. For low frequencies, the value M of 
the ratio of the output to input ampli- 
tudes is equal to AP/BA@. Thus, the 
value of the proportional band can be 
determined from the flat part of the 
curve. At higher frequencies, the value 
M decreases. This decrease in M is 
accompanied by the output lagging 
behind the actuating signal, Fig. 3. If 
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the proportional position controller is 
used on a process where the frequency 
of cycling is near or larger than f,, 
Fig. 2, the relations given by Eq (1) 
no longer describe the behavior of the 
controller. 


PROPORTIONAL PLUS Reset. Load 
changes occur in processes which re 
quire a change in the value of P to 
keep the process variable @ at the set 
point @,. With proportional position 
control such load changes will caus 
offset of the variable from the control 
point unless the value of P, is man 
ually reset. The addition of reset action 
reduces the offset, generally to an in 
significant value. This mode of control 
causes the output signal to change 
with the time integral of the actuating 
signal. 

The equation for proportional plus 
reset action, neglecting high frequency 
terms, is 


w f (P P,)dt + (P P) 
arsa] v f (8,—8)dt -- (0, — 0 |e 


Where 


Jit 





' = reset rate 

> = small number frequently assumed to 
equal zero. The value of b may or 
may not change with the value of B. 


The behavior of proportional plus 
reset action can be described by as- 
suming a step change in the actuating 
signal, Fig. 4. If b equals 0, then the 
reset rate U is equal to the rate of 
change of output pressure divided by 
the change in output pressure pro- 
duced by proportional position con- 
trol alone. Thus, it is equal to the 
number of times per minute that the 
proportional position action is repeat- 
ed by the reset action, and can be ex- 
pressed as repeats per minute. If $ is 
unequal to 0 but is much smaller than 
unity, the step response will start out 
essentially as shown in Fig. 4, but will 
curve to asymptotically approach the 
following value. 


Ji2 


A 0, — 
P = P, + (> (- —) (3) 
bB A0 


If & is very small, the offset of 6 
from 6, required to make P go to its 
maximum or minimum value is also 
small. In well compensated instru- 
ments, this offset is barely noticeable. 

The ratio of amplitudes and phase 
change versus frequency for sinusoidal 
inputs are given in Fig. 5. The rela- 
tions given in Eq (2) describe the 
behavior of the controller for frequen- 
cies somewhat below the frequency f.. 


PROPORTIONAL PLUS RATE. Rate ac- 
tion causes the output signal to vary 
as the rate of change of the actuating 
signal. Proportional plus rate control- 
lers (neglecting short time constant 
effects) can be represented by 


(P — P,) 4 ( 


AP d 
= — E — 0) + T—(@, — »| (4) 
BAé dt 


rate time ; 
constant depending on controller 
design, a varies from about 5 to 50. 


The behavior of such controllers 
can be described in terms of the output 
change produced by a ramp-shaped 
actuating signal, Fig. 6. After an ini- 
tial delay, the output pressure leads 
the proportional position output by 
the time (4—1) T /a. When a is large, 
this lead time is essentially equal to T. 
In Fig. 7 are shown curves of the ratio 
of amplitudes and phase change 
versus frequency for sinusoidal actuat- 
ing signals. 
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PROPORTIONAL PLUS RESET PLUS 
RATE. Neglecting high frequency 
terms, the equation for proportional 
plus reset plus rate is 


wfe — P,)dt + (P — P.) 4 
Tx d 
Qy" 
a / dt 
x fo 0)di + (0, — @) 
” Bae 


d 
T—(8, — J (5) 
dt 


In Fig. 8 is shown the response of 
such a controller to a sinusoidal actu- 
ating signal. 

Pneumatic controllers use a variety 


of sensing devices, Figs. 9 to 12, to 
convert small changes in displacement 
to changes in air pressure. These de- 
vices are essentially of three types. In 
the first type, an input motion baffle 
varies the resistance to air flow from 
an exhaust port. 

The second type has a baffle that 
either varies the flow resistance of the 
supply air and the flow resistance from 
an exhaust port, or maintains constant 
exhaüst resistance and varies the re- 
sistance to supply pressure flow. The 
last type varies the resistance to flow 
from the supply port to the outlet port 
and has no well defined exhaust port. 

Typical proportional pneumatic de- 
vices include controllers in which the 
output signal pressure is proportional 
to some variable such as temperature 
or pressure, Figs. 13 and 14. These 
units do not include internal feedback 
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since the output of these devices does 
not modify the input. 

When large flow capacities are re- 
quired to speed up the actuation of 
the final control element, relay valves 
are generally used, Figs. 15 to 17. The 
change in output pressure for a given 
change in input pressure (pressure 
amplification) can be unity or larger. 

There are also types of relay valves 
having feedback. In one design, both 
the inlet and exhaust ports are closed 
by a single ball when the output pres- 
sure is in force equilibrium with the 


_ input pressure. When the output pres- 


sure is low, the ball is lifted by the 
nozzle opening the inlet port. When 
the output pressure is high, the nozzle 
moves downward closing the exhaust 
port. Because of the difference in areas 
acted on by the two pressures, the am- 
plification is greater than unity. 

J13 





Output 
pressure 


Adjustment 
screw ~~ 


Escope fo atmosphere 


Motion amplifying Motion transmission rod 


Fixed pivot- E 


` 
Compression spring 


‘ig. 13—Expansion-stem temperature controller. If 
tube expansion is greater than that of the rod, an 
increase in temperature will cause the upper end of 
the lever to move to the right, thereby reducing out- 
put pressure. The output pressure for a given temper- 
ature can be adjusted by the screw, and varies over the 
full eperating range as the ball moves from one seat 
to the other. For full range change of operating pres- 
sure, the temperature range can vary from 3 :o 10 deg 
F depending on the design. Unit can be made so that 
output pressure either increases or decreases with an 
increase in temperature (direct or reverse action) and 
can operate as either a proportional position con- 
troller or as a two position controller. 


_-Pin adjusting slot 
Fulcrum pin, 


Proportional 
bond scole ù 


position 
adjustment 


Orifice 


Output pressure 


Fig. 14—Pneumatie controller with provision for 
proportional band adjustment. Changing the position 
of the fulerum pin varies the ratio of movement of 
the primary element to that of the error sensing 
means, In normal operation, the baffle lever is held 
against the fulerum pin by the tension spring. When 
bellows pressure increases, the lever's free end moves 
to the left, thereby increasing baffle-nozzle distance 
and causing output pressure to drop. Typical ranges 
of proportional band adjustment are 3 to 50 percent, 
2 to 70 percent, and 1 to 75 percent. Adjustment of 
the output pressure to the value desired for a given 
position of the primary element is effected by posi- 
tioning the sub-base. Controller action is reversed if 
the nozzle is on the opposite side of the baffle. 


Jia 


Fig. 15—Continuous bleed 
relay. This type valve is 
available with a pressure 
amplification of 10. Input 
pressure is opposed by the 
spring effect of the dia- 
phragm or bellows and 
positions the ball to obtain 
the proper proportionality 
between supply and ex- 
haust. In the normal oper- 
ating range the unit has a 
continuous bleed exhaust. 


input signa! 


Exhaust to 
óřmosphere 


A 
Output 
| pressure 


Supply pressure 


: Input signal 
Input signal 


Exhaust to 
atmos- 
phere Supply, 
ü pressure 
— —— 
Output Output 


pressure 


Spring 9 

Supply Exhaust to atmosphere 
Fig. 16—Additional continuous bleed type relays 
similar in operating principle to the unit shown in 
Fig. 15.—(A) Input pressure acts on the diaphragm 
and the force it exerts is balanced by the cantilever 
spring. Again, the areas of exhaust and supply have a 
specific ratio for every value of input pressure.—(B) 
Similar to (A) except that input pressure drives bel- 
lows instead of diaphragm. 


, bypass screw 


Adjustment. knob 


diaphragm 
/ 


/ 
f 


-Lower 
diaphragm 


Input ~Oritice 


signa! ^ 
Output ‘Supply pressure 


` 
pressure inlet port 


/ 
Exhaust port 


Fig. 17—Nonbleed relay. For large flow capacities 
without increased air consumption, nonbleed valves 
are used. The orifice for the sensing element is the 
opening through which the valve stem passes. With an 
increasing signal, the pressure first acts against the 
lower diaphragm. This tends to close the inlet port and 
open the exhaust port. If the increased signal per- 
sists, air leaks through the restriction to act on the 
upper diaphragm, further decreasing the output 
pressure. By turning the bypass screw, pin X is 
forced out of its slot, compressing the spring so that 
the output pressure rises to the value of the supply 
pressure. With the output pressure equal to the sup- 
ply pressure, the reducing valve controlling the 
supply pressure can be used for manual control. 
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J.LC. Hydraulic Standards 
for Industrial Equipment 


Compiled by the Joint Industry Conference com- 
prising representatives of the following cooperative 
groups: Hydraulic Equipment Manufacturers; Hy- 
draulic Press Manufacturers; Industrial Equipment 
Users; National Machine Tool Builders Association ; 
Resistance Welder Manufacturers Association; Tub. 


Glossary of Terms 
Used in the Hydraulic Specifications 


Actuator: A device to convert fluid energy into mechan- 
ical motion. 


AUTOMATIC CONTROLS: Those actuated in response to the 
cycle of the equipment. 


BACK CONNECTED: Where piping connections are on nor- 
mally unexposed surfaces of hydraulic components. 


CHANNEL: A fluid passage the length of which is large with 
respect to its cross section dimension. 


CLARIFIER: A device for the removal of deleterious solids 
and which assists in maintaining the chemical stability of 


hydraulic fluid. 


COMPARTMENT: A space within the base, frame, or column 
of the equipment. 


CYLINDER: A linear motion device in which the thrust or 
force is proportional to the effective cross sectional area 
and to the pressure drop, 


CYLINDER, SINGLE ACTING: A cylinder in which the fluid 
force can be applied in only one direction. 
Plunger Type: A cylinder in which the internal element is 
of a single diameter, and upon which the seal applied is 
of the contracting type. 
Piston Type: A cylinder in which the internal element is 
of one or more diameters, and the seal is of the expanding 
type. 

CYLINDER, DOUBLE ACTING: A cylinder in which fluid 
force can be applied in either direction. 
Single End Rod: A cylinder with a rod extending from 
one end. 


Double End Rod: A cylinder with two rods, one extend- 
ing from each end. 


ENCLOSURE: A housing for hydraulic apparatus. 


FILTER: À device for the removal of solids from a fluid 
wherein the resistance to motion of such solids is in a 
tortuous path. 
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ing and Fitting Manufacturers; Packing and Seals 
Manufacturers. Revised January 1953. In the follow- 
ing reproduction of J.I.C. Standards, for reasons of 
space economy, a few minor deviations have been 
made from the text of the officially authorized Joint 
Industry Conference Hydraulic Standards. 


FRONT CONNECTED: Where piping connections are normal- 
ly on exposed surfaces of hydraulic components. 


HYDRAULIC PANEL: 
1. Hydraulic Mounting Panel—A plate on which may be 
mounted a number of hydraulic components. 
2. Hydraulic Control Panel—A grouping of hydraulic con- 
trol units mounted to form one assembly on a plate, or in 
a casting, and having a single mounting surface. 


LINE: A tube, pipe, or hose which acts as a conductor of 
hydraulic fluid. 


LiNE, DRAIN: A line returning leakage oil independently 
to the reservoir or vented manifold. If returning to reser- 
voir, it shall have reservoir symbol; and if to a vented 
manifold it shall have a vented manifold symbol, a single- 
dotted line inverted T. 


LINE, EXHAUST: Á return line which carries power or con- 
trol actuating fluid back to the reservoir. 


LINE, JOINING: A line which crosses or connects with an- 
other line on a diagram and which also connects hydrau- 
lically in construction, The junction of the lines shall be 
indicated by a dot which must be at least three times the 
width of the line. 


LINE, PASSING: A line which crosses another line on a diag- 
ram, but which does not connect hydraulically in con- 
struction. Line on a diagram to have a loop at crossing. 


LinE, Pitot: A line which acts as a condüctor of control 
actuating fluid. 


LINE, WORKING: A line which acts as a conductor of power 
actuating fluid. 


MANUAL CONTROLS: Those actuated by the operator, re- 
gardless of means. 


MASS PRODUCTION: For a model run, or an indefinite period 
of time, 


MOTORS AND CYLINDERS: Devices for converting hydraulic 
energy into mechanical energy. 


MOTOR, OSCILLATING: A motor producing a maximum an- 
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gular rotative movement of less than 360 deg in either 
direction. 


MOTOR, ROTARY: A motor — totary motion having 
torque output proportional to the displacement per revolu- 
tion and to the pressure drop between intake and exhaust 


ports. 


MOTOR, ROTARY, FIXED DISPLACEMENT: Á rotary motor in 
which the displacement per revolution is not adjustable. 


MOTOR, ROTARY, VARIABLE DISPLACEMENT: A rotary mo- 
tor in which the displacement per revolution is adjustable. 


PASSAGE: À machined or cored connection which lies within 
or passes through a hydraulic component, and which acts 
as a conductor of hydraulic fluid. 


PHASE OF CYCLE: 
. Neutral 
. Rapid Advance 
. Feed or pressure stroke (Forward and Return) 
. Dwell 
. Rapid Return 


Rapid Advance: The approach of the tools or work-piece 
to thé feed position. 

Feed: The portion of the cycle where work is performed 
on the work-piece. 

Dwell: The portion of the cycle where the feed rates or 
pressure stroke is stopped. 

Rapid Return: The return of the tools or work-piece to 
the cycle starting position. 


Port: An opening at a surface of component; E.G., a ter- 
minus of a passage. May be internal or external. 


Port, VALVE: A controllable opening between passages; 
I.E., one which can be closed, open, or modulated. 


POSITIVE POSITION STOP: A structural member which defi- 
nitely limits the working motion at a desired position. 


POSITIVE SAFETY STOP: A fixed structural member which 
confines maximum travel within the design limits of the 
machine or equipment, 


PRESSURE-TIME DIAGRAM: A graphical presentation of pres- 
sure in pounds per square inch plotted against time for a 
complete cycle of the equipment. 


PuMP: Device for converting mechanical energy into hy- 
draulic energy. 
Fixed Displacement: A pump which delivers a relatively 
constant volume of fluid per cycle. 
Variable Displacement: A pump in which the volume per 
cycle can be varied. 


RESTRICTION: A device which produces a deliberate pres- 
sure drop or resistance in a line or passage by means of a 
reduced cross-sectional area. 

Choke: A restriction, the length of which is relatively 
large with respect to its cross-section dimensions. 
Orifice: A restriction, the length of which is relatively 
small with, respect to its cross-section dimensions, 


RESTRICTION CHOKE (FIXED Viscous): A non-adjustable 
resistor in which the pressure drop or rate of flow is not 
entirely independent of viscosity. 


RESTRICTION ORIFICE (FIXED NON-Viscous): A non-ad- 
justable resistor in which the pressure drop or rate of flow 
is relatively independent of viscosity. 
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SCHEMATIC DIAGRAM: A drawing or drawings showing the 
functional construction of all valves, controls and actuat- 
ing mechanisms. 


SEALING DEVICE: À part or assembly of parts used to pre- 
vent leakage between two or more other parts. 


STRAINER: A device for the removal of solids from a fluid 
wherein the resistance to motion of such solids is in a 
straight line. 


SuB-PLATE (BACK PLATE): An auxiliary mounting for a 
hydraulic component to which piping connections are 
mounted, 


SURGE: A transient rise of hydraulic pressure in the circuit. 


SYMBOLIC DIAGRAM: A drawing or drawings showing by 
means of approved standard symbols each and every piece 
of hydraulic apparatus including all inter-connecting lines. 


Trip Device: A mechanical element for the actuation of a 
position control, 


UNIT PRODUCTION: One piece per set-up. 
HO General 


H0.1 — (A) The purpose of these standards is to provide 
detailed specifications for the application of hydraulics to 
industrial equipment which will promote safety of person- 
nel, uninterrupted production, long life of the machine, 
equipment or tool, and will not limit or inhibit advancement 
in the art of hydraulics. 


(B) Where new developments in hydraulics will 
perform in a manner e to these specifications they will 
be considered as equivalent. 


H0.2 -— These standards are proposed to cover hydraulic 
equipment in general applications. Any exceptions to these 
standards will be as agreed to in writing between supplier 
and purchaser. Exceptions shall appear on purchase order 
and shall pertain to specific paragraphs of these standards. 
Exceptions shall apply only to the orders in question and 
shall not be considered as permanent. 


H0.3 
tails as are nee 


HO. — (A) The builder shall submit preliminary per- 
formance data on hydraulic — including graphical 
or:cutaway diagram in accordance with paragraph H1.1.4 
(A) necessary for purchasers approval. Final diagrams and 
text shall conform to the hydraulic equipment shipped. 

(B) Part numbers shall be provided for all types 
of hydraulic equipment. Seal manufacturer's catalog number 
shall also be provided where sealing devices are commercially 
available. 


H0.5 — All hydraulic equipment shall be installed and 
used in accordance with the recommendations of the manu- 
facturers thereof, 


— The pu shall specify such additional de- 


ed to meet unusual operating conditions. 


H0.6 — Hydraulic and lubricating systems shall be sepa- 
rated and fluid from the hydraulic system shall not be used 
to lubricate ways, slides, exposed surfaces or mechanisms 
not integral with hydraulic components. When separation 
is impracticable, the combination system shall be agreed to 
by purchaser and all of the following conditions shall apply: 

(A) Unit — is low and operation is infre- 
quent or of an auxiliary nature. 
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(B) Means are provided to remove contamination. 
(C) Complete hydraulic and lubrication. system 
information is given on the hydraulic diagram. 


(D) Both systems shall be capable of performing 
their intended functions with a fluid ‘normally used by the 
purchaser. 


H0.7 — (A) Under normal conditions.of continuous opetr- 
ation the pump inlet temperature of the fluid shall not exceed 
130 deg F. 

(B) In no case shall a sensitive temperature meas- 
suring device placed anywhere in the hydraulic circuit in- 
dicate a local temperature above 250 deg F. ‘This paragraph 
applies to petroleum base fluids only. For fluids, other than 
petroleum base fluids operating temperatures shall be as 
agreed upon between supplier and purchaser. 


H0.8 — All industrial equipment at the completion of as- 
sembly and before shipment shall be given complete per- 
formance tests to determine conformity with > 
specifications. There shall be no evidence of external leakage 
from hydraulic components and piping. 


H0.9 — A pressure-time diagram taken under operating 
conditions including data concerning maximum rate of pres- 
sure rise, maximum surge pressure and surge frequency shall 
be furnished when specified on purchase order. 


H0.10 — Hydraulic — shall be of proven engineer- 
ing design, fabricated of material of accepted quality and 
with workman-like finish; and must be capable of perform- 
ing efficient, reliable service in the installation for which 
they are provided. 


H0.11 — Hydraulic equipment and piping shall be acces- 
sible and mounted in a position that will not interfere with 
machine adjustments or maintenance of electrical or me- 
chanical equipment and vice versa (see H2.6.3; H4.2.6 and 
H6.3.4). 


H1 Diagrams 


H1.1—Circuit Diagrams 

H1.1.1 — (A) Graphical Diagram—A drawing or drawings 
showing by means of approved standard symbols each and 
every piece of hydraulic apparatus, including all intercon- 
necting lines. 

(B) Cutaway Diagram—A drawing or drawings 
showing the functional construction of all valves, controls, 
and actuating mechanisms including all interconnecting lines. 


H1.1.2 — Graphical Diagrams 


(A) Graphical diagrams shall be furnished with 
industrial equipment. (Cutaway diagram acceptable). 


(B) A copy of the diagram shall be inserted in a 
permanent data vb attached to the inside cover of the 
hydraulic control enclosure or a suitably covered hydraulic 
diagram enclosure. 


H1.1.3 — Cutaway Diagrams 


(A) When requested on purchase order, a cut- 
away diagram shall be supplied. 


(B) When requested on purchase order, a cut- 
away diagram shall show and describe the flow paths for each 
phase of each complete cycle. 


(C) When requested on purchase order, a cut- 
away diagram shall show in color or pattern code only those 
portions of the circuit which are functioning at each single 
phase of the cycle. (see H1.4; page J 20) 
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H1.1.4 — All Diagrams 

(A) The descriptive text shall explain the func- 
tion of the operations. Either the diagram or descriptive text 
shall include, in addition to the sequence of operations, the 
following: 


1. All hydraulic equipment shall be identified. 
When possible, name of component, catalog number and 
manufacturer's name shall be shown. 


2. Size of piping (outside diameter and wall 
thickness ). 


3. Diameters of pistons and rods, length of 
stroke, and estimated required force of cylinders when other 
than maximum pressure is applied. 


4. Time of cycle, when pertinent (for example, 
time range of cycle exclusive of loading). 


5. Operating pressures. 

6. Horsepower, rpm and direction of rotation of 
each pump drive. 

7. Pump speed and delivery in gpm. 

8. Reservoir capacity. 

9. Recommended oil viscosity range. 


10. Displacement, speed range, and torque rating 
of each hydraulic motor. 


11. Data or text, or both, shall show operations 
performed with related electrical and mechanical control and 
actuating equipment. 

(B) The related text and the diagram shall be 
shown on the-same or facing pages. 


(C) All diagrams shall be marked with serial 
number or with the purchaser's order number of that equip- 
ment, or, if none, with some other symbol which will identi- 
fy the particular apparatus to which the diagram applies. 


(D) When requested on purchase order, a direct- 
ly reproducible copy (translucent), or the required number 
of copies, of all approved diagrams and texts required shall 
be forwarded by mail or in person to an individual delegated 
by the purchaser not later than the date on which the ship- 
ment is made. 


H1.3—Standard Graphical Symbols 
Introduction 


(A) Standard graphical symbols consist of basic, 
or basic and supplementary combinations. 


(B) Basic symbols show the nature and function 
of the primary comiponents of a circuit. Supplementary sym- 
bols show the method of operations such as: manual, elec- 
trical, hydraulic, etc. 


(C) The symbols may be adapted to any type of 
hydraulic system. They are used equally well for each piece 
of hydraulic apparatus, and for indicating flow characteris- 
tics in a graphical diagram. 

Directional Control Valves: The flow condition 
which is shown closest to the actuating device is that which 
exists when the device is actuated, 


The standard graphical symbols used to indicate 
the nature and function of component parts in the circuit are 
shown on pages J 21 and J 22. 


H1.5—Diagram Size 


H1.5.1 — All diagrams shall be of such size as to clearly 
disclose all components of the systems. Diagrams shall be 
folded to 8!4 in. by 11 in file size. 
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Shs 


Line, pilot (L^ 20W) 


Line, drain (L— 5W) 


Line, flexible 


Connector (Dot to 
be 3 times width of 
associated line) 


Direction of flow 


line, passing 


Line, joining (Tee 
cross etc.) (Dot to 
be 3 times W) 


Line, to reservoir 
above fluid level 


Below fluid level 


Plug or plugged 
connection 


Testing station 
(Gage connection) 


Power take-off 


Restriction, choke, 
Fixed viscous 


Restriction, orifice, 
Fixed non-viscous 


Pump, single 
Fixed displacement 


Pump, single 
Variaole displacement 


MOTORS AND CYLINDERS 


Motor, rotary 
Fixed displacement 


Motor, rotary 
Variable displacement 


Motor, oscillating 
Cylinder, single act- 
ing plunger type 


Piston type 


Cylinder, double act- 
ing single end rod 


Double end rod 


MISCELLANEOUS UNITS 


Shaft rotating (Arrow 
ih front of shaft) 


Component enclosure 


H1.3 STANDARD GRAPHICAL SYMBOLS 


Shall be in accordance with the following recommendations: 
(Basic symbols can be combined in any form desired. No attempt is made to show all combinations.) 


Valve, restriction, 
Choke variable 
Viscous 


Valve, restriction, 
Orifice variable 
Non-viscous 


Valve, basic symbol 
(Insert model number 
for special valves) 


Method of indicat- 
ing internal flow 


VALVE EXAMPLES 


Valve, 
Manual shut off 


Valve, 
Maximum pressure 


Valve, relief 
Remotely operated 


Valve, sequence 
Directly operated 


Valve, 
Pressure reducing 


Valve, flow control 
Pressure compensated 
Viscous 


Non-viscous 


Valve, shut off 
2 pos.—2 connect. 


Valve, directional 
2 pos.—3 connect. 


Valve, directional 
3 position 

4 connection 
Open center 


Valve, directional 
3 position 

4 connection 
Closed center 
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METHODS OF OPERATION EXAMPLES OF COMBINATIONS 


Control, basic symbol 

Pump, double 

With electric motor 

One fixed displacement 
One variable displacement 
With pressure compensator 


Control, centrifugal 


Control compensator 


Control, compensator 
pressure Pump, single 
With electric motor 
Variable displacement 
Control, compensator Hand wheel and cylinder 
temperature control 


Control, cylinder 


Valve, 
Flow control and maximum 
pressure with compensator 


Control, manual 


Control, mechanical 


Control, motor 


electric Valve, 


Replenishing unit 


Control, motor 
hydraulic 


` Control, pilot 


hydroulic Valve, 4 way—Three position 


Spring centered 


Manual control 
Control, pilot air 
P P—T, cylinder port blocked 


in.center position 
Note: Symbol shown in 
Control, servo center position 


Control, solenoid 


Control, solenoid Valve, 4 way 


bed. pilot iod 2 position—Spring offset 
v — "ARP Solenoid control 
Pilot operated 


Control, thermal 


Control, pilot hyd. 
differential area 





H1.4—Fluid Legend Code 


H1.4.1—Color Code 


FUNCTION 


Intensified Pressure 


Charging Pressure) 


Reduced Pressure f 
Metered Flow 


Intake 
Drain 


Inactive 


H1.4.2—Pattern Code 


FUNCTION 


Intensified Pressure 
Supply Pressure 
Charging Pressure i 


Reduced Pressure í 


.Metered Flow 
Exhaust 


Intake 
Drain Í 


Inactive 


PATTERN ZIP-A-TONE 
NO. PATTERN 


#7R 
#177 


#52-G 


#63 


En r A 
#75 E: EARS ES d 


£ 


#16 


Blank 


H1.4.3—Definition of Functions 


FUNCTION 


Intensified Pressure 
Supply Pressure 
Charging Pressure 
Reduced Pressure 
Metered Flow 
Exhaust 

Intake 

Drain 


Inactive 
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DEFINITION 


Pressure in excess of supply pressure 
and which is induced by a booster or 


intensifier. 


Power actuating fluid. 


Pump-inlet ta that is higher 


than atmospheric pressure, 


Auxiliary pressure which is lower 
than supply pressure. 


Fluid at controlled flow rate, other 
than pump delivery. 


Return of power actuating fluid to 
reservoir. 


Sub-atmospheric pressure, usually 
on intake side of pump. 


Return of leakage or control actuat- 
ing fluid to reservoir. 


Fluid which is within the circuit but 
which does not serve a functional 
purpose during the phase being rep- 
resented. 


H2—Hydraulic Controls 


H2.1—Def-nition of Controls 


(A) Manual controls are those actuated by the 
operator, regardless of means. 

(B) Automatic controls are those actuated in 
response to the cycle of the equipment. 


H2.2—Protection 


H2.3.1 — Over-pressure protection shall be provided on the 
discharge side ot all pumps. The adjustments on the pressure 
control units shall be accessible. Provision shall be made to 
permit locking enclosure or compartment in which pressure 
control unit is mounted, or protective locking type adjust- 
ments shal! be provided to prevent tampering. 


H2.3.2 — All pressure controls shall be so constructed as nor 
to be adjustable outside nominal working ranges, and shall 
be marked to indicate nominal minimum and maximum pres- 
sures. 

H2.3.3 — Where there is more than one pump on the equip- 
ment and possible damage may be caused by the stoppage of 
any one pump, interlocks shall be provided so that the stop- 
page of one pump in the circuit will not endanger or dam- 
age the equipment. Where the starting of the pump in an 
improper sequence can result in damage, interlocks shall be 
provided to insure the starting of all pumps in proper se- 
quence. 


H2.3.4 — All necessary valves for removal of any pum 
while other pumps are still in operation shall be provided. 


H2.3.5 — Where pumps are operating in series, pressure 
protection shall be placed between pumps in series in order 
to protect any pump from carrying the entire load, (This 
will not apply to centrifugal pumps in series). All conduc- 
tors between pumps shall be of adequate strength for the 
intended pressure. 


H2.3.6 — Where loss of working pressure on discharge side 
of pump or pumps may result in damage to equipment, loss 
of accuracy, or danger of injury to personnel, means shall be 
provided to prevent operation under those conditions. When 
lubricating pumps are used as set forth in paragraph HO0.6 
(B) the same conditions shall prevail. 


H2.4—Controls—Circuit 


H2.4.1 — When shifting from rapid traverse to feed, the 
starting position of the feed rate shall be maintained con- 
sistent with the type of service required. 


H2.4.2 — Hydraulic circuits shall be so designed as to mini- 
mize the generation of heat and to conserve pewer. 


H2.4.4 — In each electrically controlled circuit, in case of 
solenoid failure, means shall be provided to prevent damage 
to equipment, loss of accuracy, and danger of injury to per- 
sonnel, 


H2.4.5 — Neutral valve positioning controls shall be inde- 
pendent of and unaffected by adjustment of other controls. 


H2.4.6* —Where practicable, feed and cycle limiting trip 
devices on mass production equipment shall be so arranged 
that the feed distance can be set and sealed. After feed dis- 
tance is preset, the control mechanism shall be adjustable as 
a unit. 


H2.4.7 — (A) Positive position stops shall be so designed 
that the dwell time will not be affected when positive posi- 
tion stops are reset. 
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(B) Positive safety stops for machine slides shall 
not be adjustable, but shall have provision for replacement. 


H2.4.8 —On industrial equipment operated at elevated tem- 
peratures or with toxic materials, the circuits shall be so de- 
signed and located that they can be serviced while equipment 
is operating under these conditions. 


H2.4.9 — Hydraulic circuits shall be so designed, constructed 
and applied that unnecessary surge pr. sures are minimized 
at their source, and equipment shall be of adequate strength 
to withstand all operating pressures and surge pressures. 


H2.4.10—Hydraulic circuits shall be so designed as to pre- 
vent uncontrolled movement of the equipment operating de- 
vices in all phases of the equipment cycle including the 


idling phase. 


H2.4.11—Hydraulic feed circuits shall be so designed and 
applied as to maintain consistent feed rates irrespective of 
reverse: force or intermittent loads, 


H2.4.12—Circuits having two or more heads, slides, or ac- 
tuators, shall be provided with means to insure all units oper- 
ating in proper relation regardless of load variation. 


H2.4.13— Hydraulic circuits for mass production equipment 
shall be so designed and applied that load variations and 
changes in fluid temperature shall not cause variations in the 
cycle time inconsistent with service intended, provided volt- 
age, frequency, and manual operations do not change. 


H2.5—Enclosures and Compartments 


H2.5.1 — For the purpose of these standards, an enclosure 
means a housing for hydraulic apparatus. A compartment 
means a space within the base, frame, or column of the 
equipment. 


H2.5.2 — Automatic controls that might be damaged by ex- 
posure to dirt or dust or stock moving equipmeni shall be 
adequately protected and readily accessible. 


H2.5.4 — Doors and other parts of compartments for auto- 
matic controls shall be sheet steel not less than 14 USS Gage, 
or cast metal not less than 1⁄4 in. thick, Compartments for 
automatic controls shall be completely isolated from coolant, 
cutting or lubricating oil, chips, and dirt. All automatic con- 
trol devices shall be mounted in one enclosure where possible 
and advisable. 


H2.5.6 — All enclosures for control devices, where practica- 
ble, shall have hinged covers, which swing horizontally, or 
self-supporting sliding covers, and shall be held closed with 
screws of the captive type which require the use of a tool 
(wrench or screw driver) to remove. 


H2.5.7 — The arrangement of enclosures for mounting con- 
trols shall permit ample room for proper maintenance. 


H2.6—Mounting ( All Controls) 


H2.6.1 — (A) All Controls: All controls shall be so mount- 
ed and protected as to minimize the possibility of damage 
from floor trucks or other stock moving equipment. They 
shall be protected against falling objects and operator's ac- 
cidental movements. No controls shall be placed in high heat 
areas or in locations subject to any harmful conditions, 


(B) Manual Controls: All manual controls shall 
be mounted within reach of the operator when in his normal 
Operating position, Operator shall not be required to reach 
past revolving spindles or moving tools to reach manual con- 
trols. (See paragraph H7.1.2). 


* (See Engineering Developments, Page J 24). 


Product Engineering — 1955 Annual Handbook 


J HYDRAULIC AND PNEUMATIC EQUIPMENT 


(C) Automatic Controls: Automatic controls shall 
be so located and protected as to prevent inadvertent opera- 
tion. 


H2.6.2 — All hydraulic controls shall be mounted in such a 
manner that the controls are accessible for adjustment and 
maintenance. When practicable, the controls shall be mount- 
ed a minimum of two feet or a maximum of seven feet above 
working floor level of the equipment. 


12.6.3 — Hydraulic control units shall be mounted in posi- 
tions which provide complete accessibility to all units for 
maintenance without interfering with adjacent equipment. 


H2.6.5 — All industrial equipment shall incorporate an 
emergency stop control readily accessible from operator s 
normal position. 


H2.6.6 — Internal leakage shall be drained to reservoir or 
vented manifold to prevent blocking of plunger type con- 
trols. 


H2.6.7 — Piping shall not be used as a means for supporting 
valves or equipment where vibration may prove detrimental 


to piping. 
H3—Pumps 


H3.3—Mounting Pumps (Pump Compartments) 


H3.3.1 — (A) Pumps, or subassemblies including the pumps, 
shall be readily accessible for maintenance. 

(B)* Pumps shall not be moun:ed inside reser- 
voir. 


H3.3.2 — Pumps shall.be mounted where they are adequate- 
ly protected from damage. 


H3.3.3 — When pumps and other apparatus are mounted 
inside che compartment or enclosure, sufficient space shall be 
provided to assure complete accessibility to all units. 


H3.3.4— (A) When pump compartments are used, they 
shall be clean and free of moisture and adequately vented to 
the exterior of the industrial equipment. All openings shall 
be of sufficient height above the floor or be protected to such 
an extent that dirt, chips, coolant, etc., cannot enter, includ- 
ing such times as floor is swept or washed, or the equipment 
is cleaned, Unless other compartments meet the requirements 
of the pump compartment, there shall be no openings of any 
kind between the pump compartment and any other com- 
partment. 

(B) If piping is run into the pump compartment 
from another compartment not meeting the pump compart- 
ment requirements, adequate seals shall be provided. 


H3.3.5 — Direct-coupled pumps shall be properly aligned 
and securely mounted in such a manner as to assure align- 
ment under normal operating conditions. When mounted 
inside column or base of equipment, foot-mounted pumps 
and driving motors shall be mounted on a sub-base of ade- 
quate strength which can be easily removed for servicing. 
The coupling shall have adequate capacity to transmit the 
power required, 


H3.5—Pump Nameplates 
H3.5.1 — The following information shall be permanently 
indicated on each hydraulic pump. 
(A) Manufacturer's name and address. 
(B) Manufacturer's identifying part number. 
(C) Manufacturer's serial number if any. 
* (See Note: Engineering Developments, Page No. J 24). 
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A data sheet or catalog providing complete information on 
speed limits, pressure range, delivery, horsepower required, 
and viscosity range, shall be provided with the specifications. 


H3.5.2 — Whenever a pump is mounted so that its name- 
plate is not readily visible, a plate with duplicate information 
shall be provided where it can be readily seen. Such dupli- 
cate plate shall be marked "duplicate." '[he nameplate shall 
not be rerhoved from the pump. 


H3.5.3 — The direction of rotation of each pump shall be 
clearly indicated on the pump where it can be readily seen. 


H4—Piping, Fittings, and Fluid Passage 


(Piping includes all pipe, tubing, hose and fittings. 
Passages include all fluid conductors other than piping.) 


H4.1.1 — When requested on purchase order, a piping lay- 
out or photograph shall be furnished. 


H4.1.3 — Cross sectional area of the piping shall be such 
that the flow capacity shall be sufficient on the suction side 
to prevent cavitation or starvation of the pump; and on the 
discharge side to prevent undue temperature rise or turbu- 
lence. Piping shall have adequate strength to withstand addi- 
tional pressure, including surge pressure, within the safety 
limits of the entire circuit. A factor of safety of at least eight 
(8) over normal working pressure is suggested. 


H4.1.4— (A) Unnecessary surges shall be minimized at 
their sources, and adequate protective devices shall be pro- 
vided in piping circuits to protect piping and fittings against 
hydraulic impact. 

(B) The strength of the piping shall be adequate 
to withstand the maximum rate of surge pressure rise and 
the maximum surge peak pressure at the frequency devel- 
oped by the cycling of the equipment operation, 


H4.1.5 — Piping between actuating devices and feed control 
devices shall be so constructed as to rigidly confine a mini- 
mum volume of fluid; the purpose being to maintain con- 
stant, controlled motion and restrict the effect of varying 
forces. 


H4.1.6 — (A) Solderless pipe connections shall be used (for 
example: flared, flareless, self-flaring, flanged, or equivalent) . 

(B) The performance of any type fitting used shall 
equal or exceed the requirements of MIL-F-5506. 

(C) When flared type fittings are used (which 
require a flaring tool), the angle of flare of tubing shall be 
37 deg from the centerline, 74 deg included angle, and flare 
dimensions shall be in accord with Army-Navy dots 10061. 

(D) When flared type fittings are used, the con- 
struction of the tube «nd (LE., tubing end of connector body, 
nut, and sleeve when used) shall conform to MIL-F-5509 for 
minimum performance requirements. Modifications may be 
used if performance conforms with the requirements of sen- 
tence (B). 

(E)* e threads shall be Dryseal American 
(National) standard taper pipe threads (N.P.T.F.). 

(F) Fittings with straight threads and which in- 
corporate seals that seal with pressure may be used in place 
of pipe thread fittings. 


(G) All piping connections shall be so designed 


* (Sce Note: "agincering Developments, Page No. J 24). 
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and installed as to pn quick removal and re-assembly by 
means of hand tools. 


DEFINITIONS OF PRESSURES 


0 to and including 200 Ib/sq in. 

Above 200 to and including 500 Ib/sq in. 

Medium High .... Above 500 to and including 1200 Ib/sq in. 
High Above 1200 to and including 3000 Ib/sq in. 
Extra High Above 3000 Ib/sq in. 


TUBING AND FITTINGS. (See page J 25) 


1. Tubing outside diameter sizes shall increase in 1/16 in. 
increments from !4 in. to and including % in., and in incre- 
ments of % in, above ¥% in, diameter up to and including 
1 in. diameter and in !4 in. increments above 1 in. diameter. 
2. S.A.E. 1010 dead soft, cold drawn seamless steei tubing 
or equivalent and steel fittings shall be used. 


3. Copper tubing or copper 2iloy fittings are not permissible 
with petroleum base fluids. 

4. Fittings with restricted or stepped-up passages are not 
recommended. 


H4.1.7 — All piping, piping fittings, oil passages, reservoirs, 
cored holes or drilled holes shall be free of burrs, or foreign 
matter which might cause — to amy hydraulic unit or 
contamination of the hydraulic fluid. Sharp edges shall be 
removed whenever they adversely affect the flow of hydraulic 
fluid. 


H4.1.8 — Whenever practicable, each piping run must be 
integral and continuous from one piece of apparatus to an- 
other. Piping runs shall be removable without dismantling 
equipment components and without bending tubing or 
springing it in a manner to damage it. All rigid piping shall 
be securely supported at frequent intervals to avoid vibration 
or movement. Points of contact or support on the outside of 
the piping shall be so designed that they will not result in 
damage to the piping. Piping shall not be welded to sup- 


ports. 


H4.1.9 — When high or extra high pressure piping is used 
all connections shall be welded to steel flanges; or connec- 
tions may be used which are equal in pene and ease 
of assembly. Flanged connections shall use sealing devices 
that seal with pressure (all welded joints shall be stress re- 
lieved). 


H4.2.4 — All portions of piping circuits above 150 psi oper- 
ating pressure subject to movements in which flexible hose 
is required, the flexible hose selected shall provide a pressure 
safety factor of at least five (5) with respect to the circuit in 
which it is used, Below 150 " operating pressure, the use 
of flexible plastic tubing shall be permissible. Flexible hose 
and flexible plastic cubing shall have vertical connections and 
shall have sufficient slack to avoid sharp — and strain- 
ing. Horizontal connections are acceptable only if flexible 
lines are adequately supported. 


H4.2.5 — Multiple controls shall be mounted on a single 
plate within one enclosure, whenever practicable. 


H4.2.6 — Piping shall not be placed where it will interfere 
with the diem. repair or replacement of control or 
units, and piping connections shall be readily accessible for 
maintenance. 


H4.2.7 — Hydraulic units provided with external drain con- 
nections shall be drained independently to reservoir or to a 
vented manifold. 
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H4.4—Identification of Piping 


H4.4.1 — Piping runs shall be identified to correspond with 
diagram. 


H4.4.2 — When construction of equipment necessitates e 
ment or moving in sections, thorough precautions shall 
taken to adequately protect piping runs, whether they be left 
in place on one of the equipment sections or whether they 
are removed and separately boxed for shipment. All male 
threads shall be sleeved, and all piping openings or female 
threads equipped with suitable closures. 


H4.4.3 — Piping shall be so arranged that p may be 
tested at accessible locations, preferably at built-in checking 
stations which shall be indicated on diagrams. 


H5—Oil Reservoirs 


H5.1 — A hydraulic fluid reservoir shall be designed, and 
constructed in such a manner as to prevent the entrance of 
any foreign matter, chips, coolant, lubricating or cutting oil, 
dirt, etc. 


Fluid reservoirs should preferably be made separate and 
removable from equipment bases. 


If cast, fluid reservoirs shall be impregnated and sealed be- 
fore assembling into equipment, with a sealer which is inert 
to hydraulic fluid. This shall be tested by means of light 
petroleum solvent, If welded, welds shall be tested with light 
petroleum solvent. 


H5.1.1 — The filler holes shall have a fine mesh screen for 
straining the oil when filling, fixed with fasteners requiring 
hand tools for removal; and shall be provided with well- 
fitted caps or covers permanently attached to the reservoir by 
some suitable means. 


H5.1.2 — All reservoirs shall have at least two openings to 
eliminate pressure build-up while filling reservoir. A breather 
hole properly protected by an air cleaner shall be provided. 
The air cleaner shall be of sufficient capacity to maintain 
approximate atmospheric pressure at maximum demands of 
the hydraulic system, Combination breather and filler assem- 
blies are preferred. 


H5.2 — The capacity of the fluid reservoir shall be suf- 
ficient to contain all of the fluid that will drain from the 
system back into the tank by gravity flow; maintain the fluid 
level within a reasonable working height during operating 
cycle; dissipate heat generated by normal operation of the 


equipment; allow air and foreign matter to separate out of 
the fluid. 


H5.2.1 — The reservoir shall be equipped with a flush- 
mounted or protected fluid level indicator, preferably located 
near the filler cover. It shall be provided with markings to 
show high and low levels with pump running and, where 
necessary, high level with pump stopped. 


H5.3 — Both the intake and return pipe shall be brought 
down below the minimum working fluid level so as not to 
cause cavitation or aeration. 


H5.3.1 — Suitable means shall be provided between the in- 
take and return pipes to facilitate settling out of foreign mat- 
ter in the fluid. The intake and return pipes shall not be 
located in a manner which will interfere with the efficient 
operation of the hydraulic system. 


H5.4 — Ample and accessible provisions shall be made for 
complete cleaning of the reservoir. 


H5.4.1 — A well protected, accessible means shall be provid- 
ed to empty the reservoir without spillage. 
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H6— Valves, Accessories and Devices 


H6.1—Filters 


H6.1.1 — Means shall be provided for the continuous re- 
moval of deleterious materials from the hydraulic fluid which 
would be detrimental to the operation of the equipment. 


H6.1.2 — If the filter is of such design that it will remove 
antifoam agents or other additives, the type and design of 
the filter shall be agreed upon between the supplier and pur- 
chaser. 


H6.1.3 — Self-cleaning filters shall be automatically actuated. 


H6.1.4 — Filters shall be of such construction that the filter 
medium can be removed for cleaning without disturbing the 
piping. When practicable, suitable means shall be provided 
to indicate when filter should be cleaned. 


H6.1.5 — When suction strainers are provided they shall be 
of ample size to strain more than double the intake capacity. 
Suitable means shall be provided to remove strainers with- 
out draining the reservoir. 


H6.1.6 — By-pass filters shall be of sufficient capacity to filter 
the equivalent of all hydraulic fluid in the system within a 
poded of eight (8) hours. 


H6.2—Sealing Devices 


H6.2.1 — All sealing devices shall be of such materials that 
they will not be adversely affected by hydraulic fluid, Natural 
rubber shall not be used with petroleum products. 


H6.2.2 — When practicable, sealing devices shall be of the 
pressure sealing type. 


H6.2.3 — Sealing devices on reciprocating or rotating shafts 
shall prevent all leakage, except that required for lubrication 
of such devices under all working conditions without damag- 
ing shafts. 


H6.2.4 — Clearances in sealing glands shall be such as to 
prevent undue extrusion of the sealing material. 


H6.2.5 — Stuffing boxes for automatic packing shall be so 


designed as to prevent adjustment beyond the functional 
limits of the packing. 


H6.2.6 — Whenever practicable, heads, slides and actuators 
shall be designed to facilitate easy replacement of continu- 
ous ring packings. 


H6.3—Cylinders and Pistons 


H6.3.1 — Cylinder bores having fitted pistons shall be fin- 
ished in a manner consistent with the type of service intended 
and shall be free of porosity or other dien. 


H6.3.2 — Cylinders shall be located in alignment with work 
slides, and shall be such that no side or radial load shall 
occur on piston rod or ram, unless other suitable provisions 
are made to take such loads: 


H6.3.3 — Ends of cylinders shall utilize sealing devices that 
do not leak under any working conditions. Sealing devices 
that seal with pressure are recommended. All — exter- 
nal sealing devices shall be readily accessible for servicing 


H6.3.4 —iCylinders shall be accessible for servicing. When 
feasible, cylinders shall be separate, not cast integral with 





the equipment. When cylinders must be cast integral with 
the equipment, all parts subject to wear or damage shall be 
easily replaceable. 


H6.3.5 — Pistons utilizing sealing devices which are not in- 
tegral with the piston shall have either automotive step-out 
rings or sealing devices equivalent in performance, Excep- 
tions are permissible only for applications where no leakage 
(other than required for lubrication) can be tolerated. 


H6.3.6 — Piston rods shall be adequately protected by in- 
stallation of cleaning and sealing devices. Material and hard- 
ness of piston rod shall be such as to prevent scoring. 


H6.3.7 — (A) When pistons are assembled to rod they shall 
be positively locked. 


(B) Flow of fluid into non-rotating cylinders shall 
be at extreme tops of bores or other means provided to pre- 
vent entrapment of air. 


H6.3.8 — When necessary, cushions shall be provided on 
cylinder ends. 


H6.3.9 — Wherever possible, cylinders shall be so used in 
the circuit or circuits as to subject the solid head ends of 
cylinders to high pressure, and not to gland or rod ends. 


H6.4—Valves 


H6.4.1 — Adjustable valves shall be. arranged so that wires 
and seals can be used after final adjustments and locking. 


H6.4.2 — Valves shall not be mounted in reservoirs. Valves 
shall be kept above high fluid level, except where the func- 
tions of the valves requires them to be below the fluid level. 


H6.4.3 — Gasket mounted valves shall be used whenever 
possible so their removal and replacement can be made with- 
out breaking individual fluid lines. Gaskets of the pressure 
sealing type are recommended. Gasket mounted valves shall 
have locating pins. 


H6.4.5 — The operation of a valve shall not produce detri- 
mental surges in the hydraulic system. 


H6.4.6 — On vertical or inclined slides or rams means shall 


be provided to prevent rapid drop when hydraulic power is 
shut off. 


H6.4.7 — Solenoid qan valves shall be so designed, con- 
structed and installed as to eliminate destructive hammering. 


H6.5—Accumulators 


H6.5.1 — Accumulators shall be so constructed as to with- 


stand at least five (5) times the operating pressure of the 
hydraulic system it serves. 


H6.5.2 — Accumulators shall be so designed and. construct- 
ed that they cannot be dis-assembled while containing an 
unsafe gas charge. Means shall be provided for safely reliev- 
ing accumulator gas and oil pressure. 

H6.5.3 — Hydraulic circuits incorporating accumulators shall 


be so arranged that the system can be bled at the high point 
of the circuit. 


H6.5.4 — See paragraph H7.1.3 of the "Safety" section. 


H6.5.5 — The following information shall be permanently 
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indicated on each hydraulic accumulator: 
(A) Manufacturer's name and address. 
(B) Manufacturer's identifying model number. 
'(C) Manufacturer's serial number, if any. 
(D) Rated maximum operating pressure. 
(E) Charging medium. 


H6.6—Heat Exchangers 


H6.6.1 — The use and application of heat exchangers shall 
be subject to approval by the purchaser. 


H6.6.2 — It shall be the responsibility of the purchaser to 
advise supplier incorporating the heat exchanger in the 
equipment of any unusual temperature that would affect the 
equipment operation. 


H6.6.3 — The heat exchanger shall be readily accessible for 
removal, in the event servicing or repair is necessary. 


H6.6.4 — (A) The heat exchanger shall be so arranged that 
it is not possible to develop excessive pressures in the event 
the heat exchanger should become clogged. 


(B) Heat exchangers using media which are dele- 
terious to the system’s hydraulic fluid shall not be installed 
in fluid reservoirs. 


H6.6.5 — The make, size, s and requirements of heat 
exchangers (including supply-pipe sizes) shall be agreed to 


by the purchaser, and shall be clearly indicated on hydraulic 
diagrams. 


H6.6.6 — Accessible arrangements shall be provided for 
checking inlet and outlet temperatures of the hydraulic fluid 
if circulating type heat exchangers are used. 


H6.6.7 — When heat exchangers are used, they shall be 
equipped with suitable automatic thermal controls. 


H6.6.8 — Heat exchangers shall not use copper or copper 
alloyed metals in contact with uninhibited petroleum base 
Yluids, when these metals are incompatible with such fluids. 


H7—Safety 


H7.1.1 — Flexible lines shall be restrained or confined if 
their failure might constitute a hazard to personnel. 


H7.1.2 — Operator shall not be required to reach past re- 
volving spindles, moving tools, or moving machine or equip- 
ment elements to reach manual controls. 


H7.1.3 — Hydraulic circuits 6 accumulatórs shall 


be so interlocked as to vent or isolate accumulator fluid pres- 
sure when power is shut off. On circuit applications where 
accumulator pressure is isolated full information shall be 
given on or near accumulator for proper servicing without 
injury to personnel. 


H7.1.4 — In hydraulic systems containing flammable fluids, 
where gas is used at pressures over 250 psi, nitrogen or other 
inert gas shall be used. 


Engineering Developments 


Standard specifications. noted with an Asterisk (*) were 
written as a guide in indicating the type of engineering that 
is considered to be desirable in new developments and in the 
re-engineering of equipment. 
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*Fittings 
(See H4.1.6 to H4.1.9 inclusive) 


*Steel Tubing 
Low PRESSURE 


Steel tubing is recommended. Plastics and aluminum tubings 
are permissible. 
&ecommended minimum wall thickness for Steel Tubing: 


TUBING 
DIAMETER 


To 94 in., incl. ..... 
eer 
114 in. to 14 in. incl. 


MIN. WALL 
THICK., IN. 


MEDIUM PRESSURE 


Recommended minimum wall thickness for steel tubing: 


TUBING 
DIAMETER 


To 36 jas, Nl. .....,.. 
7g in. to 1 in. incl. . 
114 in. to 11^ in. incl. ... 


MIN WALL 
THICK., IN. 


. 0.035 
. 0.049 


MEDIUM HIGH PRESSURE 


Recommended minimum wall thickness for steel tubing: 


TUBING 
DIAMETER 
se ee. eee 


5g in. to 3⁄4 in., incl. ... 
7 in. to 1 in., incl. 
11⁄4 in. to 11⁄, in., incl. . 


MIN. WALL 
THICK., IN. 
. 0.035 


.. 0.049 
.. 0.065 
. 0.095 


HIGH PRESSURE 


Recommended minimum wall thickness for steel tubing: 


TUBING 
DIAMETER 


To 3$ in., incl. ..... 
l5 in., incl. 
Ye in., incl. 
34 in., incl. 
74 in., incl. 
1 in., incl, 
Above 1 in. welded flange fittings or approved equal. 


MIN. WALL 
THICK., IN. 


. 0.060 
. 0.075 
. 0.095 


Extra High Pressure 
Specifications to be later developed. 


*Seamless Low Carbon Steel Tubing 
Annealed for Bending—Pressure Type 


1. ScoPE— This specification covers cold drawn and an- 
nealed seamless low carbon steel pressure tubing, for use as 
hydraulic lines. 


2. HYDROSTATIC NM supplied under this speci- 


fication shall have been tested at not less than 1,000 lbs. 


hydrostatic pressure, or higher in case working conditions 
require. 
*See Note: Engineering Developments, Page No. J 24 
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3. CLEANLINESS—It is desired that the inside of tubing shall 
be bright, clean, and free from grease, drawing compounds, 
oxide, scale, carbon deposits, and any contamination that 
cannot be readily removed by cleaning with alkaline cleaners 
or benzine. 


4, CORROSION PROTECTION OF INTERIOR OF TuBES—The 
inside of the tubing having open ends shall be pw 
a coating of clean oil to protect the interior of the tubing 
against corrosion during shipment and normal storage pe- 
riods. 


The corrosion preventive oil used shall be such chat after 
extended storage periods it can readily be removed with an 
alkaline cleaning solution or with Benzine (Stoddard Sol- 
vent). 


5. QuaLITY—Tubing shall be free from defects and in ac- 
cordance with the best commercial practice, 


6. CHEMICAL COMPOSITION—The tubing shall conform to 
the following chemical analysis: 


Carbon 

Manganese 

Phosphorus .......... 
Sulfur 


0.08 — 0.18 
. 0.30 — 0.60 
0.090 Max. 
. 0.055 Max. 


7. PHYSICAL PROPERTIES—The tubing shall conform to the 
following physical requirements: 


Tensile Strength Ib/sq. in. max. .. 
Elongation in 2 in., min. ... 


»+ 55,000 


For tubes with an O.D. of *$ in. and less and wall 
thickness of .035 in. and less, a minimum elongation 
of 30 percent is permitted. 


A three inch section cut from the tubing shall not crack or 
show any flaws when flattened between parallel plates to 
three times the wall thickness of the tube. 


A section of tube approximately 4 inches in length with the 
ends burred, shall withstand being expanded at one end over 
a polished tapered mandrel having an included angle of 60 
deg until the actual average inside diameter is increased 30 
percent. 


The expansion test shall be made in a die in order to restrict 
the expansion of 30 percent. The axis of the mandrel should 
be parallel to the axis of the cube during the expansion test. 


8. VARIATIONS—The diameter of the tubing shall not vary 
from that specified more than the following amounts: 
TUBE SIZE, O.D., IN. TOLERANCE ON I.D. TOLERANCE ON O.D 
PLUS OR MINUS PLUS OR MINUS 
0.003 — 
0.005 0.005 
0.010 0.010 


1⁄4 to 1^, incl. 
Above !/^ to 11^, incl. 
Above 11^ to 31^, incl. 


When the outside diameter and wall thickness of 4 in. to 
35 in, O.D. tubes are specified, the outside diameter shall 
conform to the tolerances given in the above table, the wall 
thicknesses shall not vary from that specified more than plus 
or minus 10 percent. When less than 4 in. I.D., the outside 
diameter shall conform to the tolerances given in the above 
table. The wall thickness shall not vary from that specified 
more than plus or minus 15 percent. 


9. PICKLE BRITTLENESS—Tubing which is pickled to re- 
move scale shall be treated to eliminate pickle brittleness. 


*See Note: Engineering Developments, Page No. J 24 
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valve 


‘Hydraulic transmission 


1—Block diagram of typical closed loop hydraulic servo. 
power range, such systems have many advantages over completely electrical servos. 


l 
— 4 


In the integral horse- 


Hydraulic SERVO DESIGN for 


Component by component analysis of integral horsepower hy- 


draulic servos. 


Details on component limitations, 


methods of 


ninimizing limitations, and recommendations for system design. 


JULIUS Y. KAPLAN e STANLEY R. 


SPORN 


Arma Corporation 


THE LIMITATIONS of the individual 
circuit components and the methods of 
interconnecting these components to 
minimize their limitations must be 
considered in designing a hydraulic 
servo for optimum dynamic response. 
Although integral horsepower hydrau- 
lic servos are noted for their high 
torque to inertia ratio, low electrical 
gain, small time lags, and small size 
and weight, these advantages are not 
obtained without the proper selection 
and application of the circuit elements. 

A typical hydraulic servo includes 
the following components: Input and 
output information transducers, high 
gain servo amplifiers, electromechanical 
transducer, low power throttling valve, 
ram stroking mechanism, variable: dis- 
placement piston motor. These can be 
combined as shown in Fig. 1 to form 
a loop that controls the output 6, in 
accordance with the input 6, The 
basic element is the hydraulic trans- 
mission (dotted box) consisting of 
a fixed displacement hydraulic motor 
connected to the output of a variable 
displacement pump. 

The steady state velocity of the hy- 
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draulic motor, Fig. 2, is proportional 
to the pump displacement. This re- 
sults in an integration. For transient 
conditions, higher order terms are 
present and must be considered in de- 
signing a servo system. Often the most 
important higher order effect results 
from the compressibility of the oil to- 
gether with system inertia. This is 
equivalent to a spring-mass system and 
can be represented by a second order 
differential equation. Energy dissipa- 
tion or damping is produced by leakage 
from the high to the low pressure 


parts. 
Where 


Laplace transform symbol 
= output of hydraulic motor, radi- 
ans 
pump speed, radians/sec 
displacement of pump, in.*/radi- 
an, at maximum stroke 
displacement of motor, in 
radian 
stroke piston displacement 
percentage of maximum pump 
displacement, 2p/Zp maz 
= coefficient of damping 
natural frequency, radians/sec 
inertia at motor 
leakage coefficient, in.*/sec/psi 


s 


reflected inertia 
draulie motor 
volume of oil trapped in high 
pressure lines 

dy, Y Je) 

JL 


effect at hy 


The open loop transfer function of a 
hydraulic transmission (neglecting 
nonlinearities) can be represented by 
the relationship or equation: 


ndy/ dm 
(1) 
Wn)? t (2t 


8 [ (s @,)8 + l| 


In high performance servos, the 
quadratic factor presents the most 
serious limitation. As a rough approxi- 
mation, the quadratic natural frequency 
should be at least twice the desired 
servo bandwidth. Usually the damp- 
ing factor should be held between 0.2 
and 0.5. If the damping is excessive, 
the response is restricted. If the damp- 
ing is inadequate, it can be increased 
by adding a leakage path between the 
pressure lines. Leakage along this path 
should be proportional to the pressure 
differential. 

To obtain the maximum natural 
frequency, requires a minimum volume 
of trapped oil in the high pressure 
lines and a minimum reflected inertia 
at the hydraulic motor. Short connec- 
tions with noncompliant tubing or 
direct manifolding will reduce the 
volume of trapped oil Since reflected 
inertia decreases as the square of the 
gear ratio, this inertia effect can be 
reduced by selecting a maximum gear 
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Fig. 2—Schematie diagram of hydraulic transmission portion of servo shown in Fig. 1. 
Pump output and thus motor speed vary with the angular position of the tilt plate. 


aximum Performa nce 


ratio consistent with the torque and 
speed requirements of the system. 
The conditions cited in the pre- 
ceding paragraph apply to the ideal 
system and therefore must be modified 
by consideration of the foilowing non- 
linearities in a practical servo: 
1. Gearing backlash and compliance; 
2. Mechanical, viscous, and coulomb 
friction; 
Fluid friction resulting from lam 
inar or turbulent oil flow; 
Leakage not directly proportional 
to pressure; 
Perturbations in pump drive 
motor speed; to reduce the mag 
nitude of the perturbations, the 
use of a flywheel may be con- 
sidered; 
Variation in oil characteristics 
with temperature; and 
Cavitation and entrained 


Pump Stroking Mechanism 


Variable pump flow is obtained by 
positioning the tilt plate or yoke of 
the variable displacement pump. This 
operation requires considerable torque 
and the stroking mechanism must be 
able to resist any forces reflected back 
through the transmission. 

In most transmissions, a hydraulic 
ram is used as the stroke actuator in 
conjunction with a low power 
throttling valve as the control element 
Often the valve and ram are incorpo- 
rated into a subsidiary servo loop to 
achieve accurate flow control and mini- 
mize load torque reaction. 

One method of closing the ram 


valve loop is to use mechanical feed- 
back as shown in Fig. 4; although 
higher performance can be obtained 
with electric feedback of ram position, 
which permits the use of electronic 
amplification. The open and closed 
loop transfer functions of the mechan- 
ical sleeve feedback system are as 
follows 


OPEN LOOP FUNCTION. Where 


ry = stroke piston displacement 

r, = control valve displacement 

K, = static velocity gain of valve pis- 
ton system 

Tı = equivalent time constant of sys- 
tem 


Kı/s(Tıs + 1) 


(zy/ze) (s) 


CLOSED LOOP FUNCTION. Where 


a, b feedback lever dimensions, Fig 


4 

wp = v/Kia/bT, 
2¢/wp = b/aK, 

The open loop valve-ram system 
constitutes an integration that is modi- 
fied by what can be considered approxi- 
mately a single order time lag. This 
integration together with the trans- 
mission integration can be used to give 
a zero velocity error system (zero 
steady state load error). The valve- 
ram system Fig. 4, is limited by the 
following important nonlinear effects: 

1. Valve static and coulomb fric- 

tion; 

Mechanical backlash; 

Nonlinear orifice characteristics; 
Hydraulic back loading of ram 


on valve: and 
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5. Mechanical irregularities. 

Some methods used to overcome 
these nonlinearities are: 

l. Application of a high frequency 
dither on the control valve; 
Increasing the available torque 
output of the valve stroking de 
vice; 

3. Hydraulic feedback; and 

4. Use of control valve with shaped 
characteristic. 

To detect the difference between the 
command and output functions, 6; and 
0, of Fig. 1, some form of information 
transducer is used. This difference or 
error signal is then amplified, shaped 
properly for the desired degree ot sta 
bility and converted to an equivalent 
displacement of the hydraulic pilot 
valve by means of an electromechanical 
transducer 


Information Transducer 


Data transmission systems of the d-c 
type (d-c excited linear potentiometer 
develop a voltage the magnitude of 
which at any instant is proportional 
to the mechanical quantity being indi 
cated. Systems of the a-c type (synchro 
generator feeding synchro control 
transformer) develop a suppressed car 
rier modulated wave 

The modulating waveform and mag- 
nitude are a function of the mechanical 
quantity being indicated at any instant 
and are usually proportional for small 
displacements. 

Since it is difficult to obtain high 
gain noise free low drift amplification 
with d-c devices, a-c data transmission 
is usually used in high performance 
systems. To determine the proper 
carrier frequency for a particular appli- 
cation, it is convenient to consider the 
operation of the data system as a 
sampler, in which the sampling rate is 
twice the carrier frequency. With this 
assumption, the sampling theorem 
proposed by Shannon and Weaver 
(Ref. 1) can be applied in determin 
ing the proper carrier frequency. This 
theorem can be expressed as follows 

Any functioryof time having a 
Fourier transform and that must be 
specified out to its W frequency com- 
ponent can be described by giving its 
magnitude at the discrete points 


Where 


i = time, seconds 
n= 0.1,2.. 
W frequency, 


t =n 2W (4) 


cps 


Thus a 60 cps carrier inherently lim- 
its the data specification to a maximum 
of 60 cps since there are 120 samples 
per sec; while a 400 cps carrier limits 
the data specification to a maximum of 
400 cps (60 and 400 cps are the 
commonly used frequencies). These 
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conclusions are in with 
Linvilles work (Ref 
servos. 

These data limits are unimportant in 
conventional hydraulic servos; how- 
ever, with present day high power 
systems being constructed with natural 
frequencies as high as 100 cps these 
limitations can no longer be neglected 
With 100 cps natural frequency units, 
60 cps data transmission is completely 
unsatisfactory and even 400 cps trans- 
mission might be insufficient because 
of resultant ripple effects if demodula- 
tion is used in the open loop. Thus 
frequencies are being used that were 
formerly considered to be in the audio 
band as high 
as 5,000 cps are employed in the more 
advanced systems 


agreement 
2) on sampling 


Data carrier frequencies 


Electromechanical Conversion 
and System Preamplification 


The electronic amplifier transforms 
the error signal to a high enough 
power level to operate the pilot valve 
actuator. Sufficient fidelity must be 
maintained. Thus amplifier character- 
istics depend on the electrical proper- 
ties of the actuator or torque motor. 

Torque motors, like data units, are 
available as either a-c or d-c units 
Since these motors are in the open loop 
portion of the system, they must have 
minimum phase lag and maximum 
bandwidth if high performance and 
adequate stability are to be obtained 
Frequency considerations enter into 
the selection of the motor in the same 
manner as they affect the selection of 
data units. Thus, 60 cps servo motors 
are never used as torque motors in high 
performance servos. This  interde- 
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ickers, Inc 


Fig. 3—(A) A fixed displacement hydraulic motor.—(B) 
Unit with two constant speed variable displacement pumps. 
Servo consists of a valve actuating cylinder, follow-up valve 
and linkage including a mechanical dither. 


pendence of components must be con- 
sidered because a torque motor with a 
bandwidth much below 150 cps would 
tend to restrict the other elements in a 
medium bandwidth servo loop. 

Direct current torque motors are Ca- 
pable of high torque outputs for a 
given size and weight and many com- 
mercial types, Fig. 5, are available for 
use in high performance systems. 
Simplified insertion of compensation 
into a d-c error channel also favors the 
use of d-c units, even though. phase 
sensitive demodulators are required to 
convert the amplifier output to a usable 
input to the motor. 

Demodulation usually requires filter- 


ing; however, since all low pass net- 
works introduce a lag, the filtering 
should be chosen as the minimum 
necessary to prevent saturation of the 
succeeding amplifier stages by ripple 
noise. The torque motor must be se- 
lected so that its coils are capable of 
dissipating the extra power caused by 
the noise current. Higher carrier fre- 
quencies reduce the inherent ripple 
and lag in demodulator systems; ripple 
being reduced by a greater sampling 
frequency, while lag is reduced because 
smaller condensers can be used. 

In principle, minimum filtering 
takes advantage of the low pass char- 


acteristics of the servo loop. Unfil- 


Trans-Service, Inc. 


Fig. 5—Electric valve actuator and pilot valve for hydraulic servos. This unit 
was designed for use in high performance hydraulic servo systems. 
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tered higher frequencies are not always 
objectionable since they introduce nat- 
ural dither into servo valve operation. 
If such extraneous coercive valve mo- 
tion were not naturally present, it 
would be necessary to inject a dither 
voltage into the error channel. 
Mechanically, the torque motor out- 
put is equivalent to a spring-mass 
system as represented schematically in 
Fig. 6. The torque motor develops an 
input force proportional to the current 
in its windings. The effect of this 
force is divided; a part deflects the 
torsion spring, and the remainder ac- 
celerates the valve in the presence of 
static, coulomb and viscous friction 


. 4nput force 


piston 
area=A 


~ 


~ Piston rod, 


area = £ 


ARARAARARRRAAN 
ST 


In addition, the flow of oil through 
the pilot valve creates a force tending 
to close the valve. Under certain sim- 
plifying assumptions, this force can be 
considered to consist of two parts. One 
part is proportional to the product of 
pressure drop across the valve and valve 
opening; the other part is proportional 
to the product of some power of valve 
pressure drop and the rate of change 
of valve opening (Ref. 4). Since the 
valve pressure drop is a function of the 
load being supplied, the valve reaction 
force can be characterized by a non- 
linear spring and a nonlinear viscous 
force. 

For the low power valves usually 


Torsion spring- 


Push rog — 


Pilot valve 


s — e 


Fig. 6—Equivalent diagram of valve actuator shown in Fig. 5. Mechanically, 
the torque motor output can be considered a spring-mass system. 
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Fig. 4—Mechanical sleeve feedback ar- 
rangement for closing loop between 
pilot valve and ram in a hydraulic 
transmission pump stroking mechan- 
ism. Feedback linkage is drawn in dash 
lines. Eqs (2) and (3) give the open 
and closed loop transfer functions. 


used in hydraulic preamplifiers, the 


reaction forces are relatively small 
Where 


amplified command signal con 
verted to current 

valve displacement 

torque constant of actuator 

torsion spring gradient 

Kr/K 


v K / J 

equivalent, inertia of pilot valve 
and balance weight 

appropriate mean viscous fric 
tion coefficient 

TID JE 


then, by neglecting coulomb forces 
the transfer function of the torque 
motor is ot the form 


| A3 0, 


Equation (5) assumes a sufficiently 


high amplifier output stage resistance 
so that motor coil inductive lag and 
back emf can be neglected. 

If the valve push rod, Fig. 4, is com 
pliant, coulomb friction might not be 
overcome by dither. This could seri 
ously affect system stability 
CONCLUSION. The design theory of 
servomechanisms is amply covered in 
technical literature. The theory is usu- 
ally based on linear differential equa- 
tions and is used to find the controller 
characteristics with which a given serv 
omotor and load will perform satis 
factorily. With an assumed load and 
servomotor, such theory is of assistance 
in predicting how amplifier controllers 
will work. The procedure in selecting 
the servomotor upon which the re- 
mainder of the design is based, how 
ever, is fundamental to the whole 
servomechanism. design problem. 
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ASME Seventh National Instrument Conference 


Eight Gaskets for 
High Static Pressure 


ANDREW R. FREEMAN, American Instrument Co., Inc 


Methods of sealing the heads of vessels subjected to high static 


internal fluid pressure. The methods described obviate the ma- 


chining operations required to obtain the micro dimensional toler- 


ances needed on mating surfaces to produce a pressure tight seal. 


1. Flat Gasket: 


This type is satisfactory in small 
openings for pressures of 20,000 ps! 
or higher if the gasket is well con- 
fined. For low pressures, about 500 
psi, and moderate temperatures, rub- 
ber and cork function best. For pres- 
sures to about 1,000 psi, and not too 
high temperatures, lead is satisfactory, 
except that it is difficult to remove 
lead gaskets from their seats without 
injury. For higher pressures and tem- 
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peratures, copper or 18-8 stainless steel 
functions best. The stronger materials 
are satisfactory at the lower pressures, 
but the softer materials require less 
force to make the initial seal. 

The sealing force must be great 
enough to cause elastic or plastic defor- 
mation of the gasket. The narrower 
the gasket the better the sealing charac- 
teristics, since less force is required, 
but this is true only to a point where 
the gasket is so narrow that internal 
pressure causes it to become unstable. 


The point of instability can be calcu- 
lated using che formulas for thin 
rings subject to uniform internal pres- 
sures. The thickness of flat gaskets may 
be varied between the points where 
the gasket is so thin that it will not 
flow sufficiently under the applied 
force, to a point where it is so thick 
that it uh to flex or even buckle 
under the applied force. 


2, Bridgman Closure 


Many consider this the strongest 
type of high pressure joint, but ex- 
tremely fine workmanship and expert 
handling are required to effect a satis 
factory seal. First proposed by Prof 
Bridgman, it is self-sealing since the 
internal pressure acts on an arca that 
exerts force on the gasket but that is 
greater than the gasket scaling area. 
Thus, the force tending to secure the 
seal is alwavs greater by a fixed ratio 
than pressure in the vessel. The effec- 
tive sealing pressure equals the internal 
pressure in the vessel multiplied by the 
ratio of the area of the underside of 
the vessel head to the area of the seal 
ing face of the gasket. Bridgman gas- 
kets are made of rubber, lead or other 
soft materials. A modified Bridgman 
closure, (B) uses a gasket that has a 
surface area that is small compared 
to the surface of the underside of the 
vessel head. The gasket can be of 
various shapes, but the one shown is 
perhaps the most common. Modified 
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Bridgman gaskets are made of metals 
such as copper, monel, stainless and al- 
loy steels 


3. Lens Ring Gasket 


The greatest advantage of these gas- 
kets is that the gasketed member need 
not be in perfect angular alignment, 
as with other self-sealing gaskets. 

The seal is formed between the sides 
of the gasket and the seat of each 
mating member. After the initial seal 
is made, internal pressure pushes 
against the inside periphery, forcing a 


| 


tighter seal to be made on the seal- 
ing surfaces located along the thinner 
portion of the gasket. The effective 
sealing pressure for a lens ring gasket 
is approximately the internal pressure 
in the vessel multiplied by the ratio of 
the area of the inner periphery of the 
gasket, on which internal pressure acts, 
to the total area of the angular or 
spherical surfaces making contact with 
the seats in the vessel head and body. 
Mathematically, the wedging force 
may be calculated roughly, assuming 
the gasket to be a section of a pressure 
vessel. The force is equal to the radial 
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stress at the point or points of contact 
multiplied by the sine of the gasket 
angle. This wedging force may be so 
great as to cause plastic deformation in 
the bolts holding the gasketed members 
together. If pressure is reduced in a 
vessel where this has occurred, th« 
gasket will contract but the bolts will 
remain deformed and the joint assem 
bly will leak. It sometimes occurs, when 
using confined lens rings, that too 
much force is exerted on the gasket 
when making up the closure, and th 
gasket is permanently shrunk so much 
as to render it useless 


5. Wave Ring Gaskets 


,Vesse/ head 
, 





There are two types of these gaskets 
and two methods for seating them. 
One type is a spherical lens ring gas- 
ket (A), with which theoretically a 
line seal is obtained. The other type 
has flat sides. One method of seating 
leaves the outer periphery of the gas- 
ket so that it can freely expand as the 
sealing force increases as shown in 
(A). The other method of seating is 
as illustrated in (B) and (C); here 
the gasket is totally confined. 

In the assembly of a lens ring joint, 
where the gasket is seated in this man- 
ner, sufficient force must be applied to 
deform the gasket inwardly, and as 
internal pressure is applied the gas- 
ket expands forcing a tighter seal to 
be made. As the gasket is totally con- 
fined, it can only expand to the limit 
of the recess boundaries, and thus its 
self-sealing qualities are limited; how- 
ever, safety is increased as the lens 
ring cannot shoot from the vessel 
should a service failure occur. 

The hardness of lens ring gaskets 
and their seats are critical. Rings 
should be hardened to R, 44 to 48 with 
the seats about R. 32. Gaskets and 
seats operate satisfactorily when fin- 
ished machined. It is not necessary to 
grind or superfinish these gaskets or 
their seats. 


4. 0-Rings 


These are so named because of their 
circular cross-section. They are made 
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of natural or synthetic rubber or plas 
tics such as Teflon or silicones, how- 
ever, synthetic rubber appears to be the 
best material. Some O-rings are made 
of stainless or alloy steel tubing, either 
empty or filled with inert gas at about 
600 pounds per square inch. 

When p is applied to an 
O-ring gasket, the material of the gas- 
ket acts similarly to a viscous fluid. 
Though incompressible, it will deform 
and transmit pressures equally in all 
directions. The effective sealing pre- 
sure in psi is the same as the pressure 
in the vessel. The sealing force, 
however, is equal to the product of 
internal pressure and the area of the 
part of the ring in contact with the 
head and wall of the vessel. Thus the 
sealing force of the O-ring is greater 
than the force exerted on it by the 
ratio of the area of the part of the 
ring in contact with the head and wall 
of the vessel to the area of the part of 
the ring exposed to pressure. 

The type at (A) provides equal con- 
tact pressure on the head and body 
and reduces points of stress concentra- 
tion; that at (B) permits simple head 
design and further reduces the stress 
concentration. 

O-rings have found wide acceptance 
as packings for high pressure valves 
and pistons, as well as in vacuum and 
low positive pressure applications. 
When used as gaskets for high pres- 
sure vessels they must be well confined 
in the groove seats and temperatures 


kept moderate for the rubber and 
plastic types. 


5. Wave Ring Gasket 


Wave ring gaskets, also self-sealing 
are very satisfactory in service where a 
vessel need not be opened often; 
otherwise they are impractical as they 
become tightly wedged and the vessel 
head can be removed only with ex- 
treme difficulty. When this occurs, the 
gasket usually must be discarded, as 
the crests become flattened and scarred. 

Pressure is exerted on the entire 
inner surface, forcing a seal on the 
two outer radii. The gasket is made 
slightly oversize, so that an interfer- 
ence fit is obtained in the seat, making 
the initial seal. No external force 
need be brought to bear on the closure 
for the purpose of effecting the seal. 
The degree of interference between 
gasket and seat can range from one 
part in 2,000 to one part in 10,000. 
The effective sealing pressure is the 
internal pressure in the vessel times 
the ratio of the area of the inner 
periphery of the gasket, on which in- 
ternal pressure acts, to the area of the 
tops of the crests in contact with the 
head and body of the vessel. 

A group of formulas exist for the 
design of the wave ring gasket but 
these are purely empirical and lead to 
the rather questionable assumptions 
that extremely wide, thick gaskets are 
necessary for high pressure work. 
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7. Doubie Cone Joint 


Seating 
surfaces 


N 


Dimensions of wave rings can vary 
quite widely and the gasket still func- 
tion properly. The chief precaution 
in their design is to avoid making 
the rings so thin that, under pressure, 
they burst through the trough between 
the crests. Wave ring gaskets can be 
made from soft steel, copper, brass, or 
other moderately soft metal. Hardened 
steel rings have been used successfully 
at very high pressures or where vessels 
must be opened and closed fairly often. 


6. Delta Gasket 


This gasket is self-sealing after the 
initial seal is made. It is looked upon 
by many authorities as the most gen 
erally satisfactory type of high pres- 
sure gasket now in use. It embodies 
all of the desirable features of the self- 
sealing gasket and none of the unde- 
sirable features of the lens ring or 
wave ring, It is fairly inexpensive to 
make, easy to seat, and will not cause 
the vessel head to stick. 

The gasket seats on two points of 
the triangle (A), and deforms as 
shown in (B). Pressure causes flexure 
of the triangle around the two seating 
points so that the inner face assumes a 
curve, and a seal is made at the points 
and along the upper parts of the legs. 
Because the slope of the sides is rela- 
tively great, the wedging force on the 
vessel head resulting from the delta 
gasket is of little importance, and only 
a small force is required to produce 


enough squeeze for the initial seal. 
The delta gasket, (C), provides for 
increased area of contact and thereby 
lower contact pressure such that cold 
flow of the gasket need not occur. 
Except for a tendency to crack when 
extremely hard, hardness presents no 
great problem for this type of gasket. 
For fairly low pressure application 
(10,000 psi, moderately soft metals, 
such as the 300 series stainless steels or 
low alloy steel seem to give the best re- 
sults. For higher pressures (50,000 
psi or more) harder materials, such as 
high alloy steel or the 400 series stain- 
less steels seem to give best results. 


7. Double Cone Joint 


The design has all the features of a 
good closure. It is self-sealing, cannot 
cause a vessel head to stick or wedge, 
and its elements are not complex. The 
effective sealing pressure of the joint 
illustrated, is approximately the in- 
ternal pressure in the vessel multiplied 
by the ratio of the area of the inner 
periphery of the gasket on which in- 
ternal pressure acts, to the total area 
of the diagonal gasket faces in contact 
with the vessel head and body. 

The gasket is made of a mild or 
semi-hard steel, and the seating sur- 
faces are covered by thin sheets of 
aluminum or copper so that relatively 
small force &=. be put on the head 
to cause deformation of the soft ma- 
terial and cause initial sealing. 


Product Engineering — 1955 Annual Handbook 


The slots in the head under the 
gasket are to relieve the gasket, should 
it tend to collapse under the force 
which must be exerted on the head to 
balance the pressure in the vessel. The 
retaining ring holds the gasket in 
place when the closure is being assem- 
bled. The gasket is designed for use 
in large vessels. 


8. Gasketless Lap Joints 


To eliminate the effects of fatigue 
and the necessity for bothering with 
gaskets, the lapped joint, as shown in 
(A), is used in some small high pres- 
sure installations, in spite of the ex- 
treme tolerances that must be main- 
tained. Actual sealing occurs on the 
taper that tends to lock the joint. 

Another related closure, (B), uses 
a soft vessel liner to act as the sealing 
surface. Here lapping is not necessary, 
but if the closure is not properly de- 
signed or too much force is put on the 
vessel head, the liner can extrude from 
the vessel at the seal. 

One caution to be always kept in 
mind when using any type of high pres- 
sure joint is to prevent a scratch from 
running across a sealing surface, i.e., 
from inside to outside. This will make 
the joint ineffective, since even though 
some deformation is encountered when 
pressure is applied, it is usually mot 
enough to eradicate or fill the scratch. 
The scratch then acts as a passage for 
pressure to leak through. 
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Developments to Watch 


PNEUMATIC CONTROL SYS- 
TEMS ... Pneumatic systems for the 
control of machine drives offer many 
advantages and are receiving greater 
attention. They are of special advan- 
tage where the use of a hydraulic sys- 
tem provides the danger of oil leak- 
age causing damage. For example, hy- 
draulic systems are not used in tex- 
tile machinery or equipment going to 
a textile mill because of the ever 
present danger of oil leakage damag- 
ing the material being produced. 

Air being free and noncontaminat- 
ing in any sense, it has a great ad- 
vantage when used as the medium in 
a control system. For many years 
pneumatic cylinders have been used 
for throwing clutches and applying 
brakes. A more recent development 
has been the application of pneumatic 
brakes in which the air under pres- 
sure inside a closed tube causes the 
application of the braking pressure 
directly on the friction material. 

In recent years pneumatic devices 
have been developed for the trans- 
mission of control motions over long 
distances. One application is in the 
control of gas engines driving oil weil 
rigs or draw heads. The operator po- 
sitions his control handle and the lever 
on the carburetor, possibly 100 feet 
away, takes the corresponding positiun. 

Pneumatic control systems are be- 
ing used in some aircraft applications. 
There has been some talk about the 
use of high pressure systems of the 
order of 2,000 psi or higher. The ad- 
vantages of the high pressure system 
would include smaller valves and pip- 
ing and smaller reservoir tanks. 

Considerable criticism has been di- 
rected at this trend. The argument 
against the high pressure is the haz- 
ard of the bursting of tanks or reser- 
voirs. The higher the pressure the 
greater will be the energy released 
upon bursting the tank or cylinder 
and hence the greater the amount of 
damage that might result. 

However, this disadvantage of the 
high pressure system is not as great 
as might appear. The higher the pres- 
sure used, the smaller will be the 
reservoirs and the smaller will be the 
tubing, valves and associated parts. 
For the same forces and powers de- 
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livered by the pneumatic system to 
the linkages that are being operated, 
the areas of the pistons will be in- 
versely proportional to the pneumatic 
pressure. The pressure would reduce 
the piston area to one-half and like- 
wise would reduce the volume of 
area required in the same proportion. 
This in turn would permit a reduction 
in the size of the piping and the size 
of the reservoirs or accumulators re- 
quired in the pneumatic system. 


HYDRAULIC COMPONENTS 
AND PIPING .. . Hydraulic piping 
in many circuits is being greatly sim- 
plified by manifolding the piping sys- 
tem. Several design constructions are 
used. All of them have the same end 
result, namely, a great reduction in the 
possibility of leaking joints. 

Hydraulic units especially designed 
for aircraft use are usually the smallest 
and lightest obtainable. However, little 
attention has been given to the reduc- 
tion of the size of hydraulic compo- 
nents as used in industrial machinery. 
On the other hand, appreciable strides 
have been made in the reduction of the 
size of electrical components and 
motors, switches and controls. In or- 
der to compete with this development 
the manufacturers of hydraulic com- 
ponents will be compelled to take some 
of the “beef” out of their units and at 
the same time it will be necessary for 
the design engineers to increase work- 
ing pressures of hydraulic systems. This 
of course presupposes the availability 
of high pressure components. 

What was perhaps one of the most 
significant meetings devoted entirely to 
the subject of hydraulics was the Ma- 
chine Tool Hydraulic Forum on May 
11 and 12, 1954 in Detroit, Michigan, 
which was sponsored by Vickers In- 
corporated. More than 100 engineers 
engaged in a forum type discussion that 
covered all of the phases of hydraulic 
operation. 

Manifolds and their design and ap- 
plication was one of the subjects that 
was covered in great detail. This cov- 
ered the materials used, comparative 
costs, problems of sealing and the types 
of design. Brazed type panels or mani- 
folds are considered to be relatively ex- 
pensive for most machine tool applica- 


tions. Much experimental development 
work has been done on drilling steel 
slabs, and thereby obtain passages. for 
the manifold. The slab or plate is 
honeycombed with drilling in order to 
connect to the various valves. Usually 
a small amount of external piping is 
required although in some instances it 
is merely necessary to carry two lines 
from the manifold plate to the operat- 
ing hydraulic cylinder. 

Both aluminum and steel have been 
used for the manifold plates, the plates 
being about 2 in. thick. For aluminum 
plates they use aluminum plugs in or- 
der to avoid leakage, although with 
perfectly machined threads there has 
been little trouble with leakage. How- 
ever, the trend is apparently towards 
the use of steel plates in preference to 
aluminum although the aluminum 
panels are easier to handle in the shop 

Drilled passages in manifold panels 
may range all the way from a quarter 
inch to 2 in. in diameter, the size of the 
hole being selected to keep the fluid 
flow down to about 400 ft. per minute. 

Cast plates with cored passages cast 
into the plate are also being used. 
Sometimes the sandwich type construc- 
tion in which three plates are sand- 
wiched together is used. The plates 
made of Meehanite are shot blasted and 
the grooves thoroughly cleaned. The 
plates are ground to about 0.0002 in. 
flatness, even in plates as large as 24 x 
16 x 115. The plates are held together 
by bolts and gasketed. 

Hydrogen brazing is another method 
for the production of hydraulic mani- 
folds. The sandwich plates are clamped 
together with a brazing alloy in be- 
tween. A Cycle welding, the patented 
Chrysler process which has been used 
for many years for fastening brake lin- 
ings to brake shoes, is also used in 
bonding the plates of the sandwich 
manifold construction. 

In addition to casting the channels 
into the sandwich plates of the mani- 
folds, two other methods are used, 
namely, milling the channels or flame 
cutting them into the plates. The last 
is likely to cause distortion and is not 
as accurate as milling. 

High speed reversing of hydraulic 
cylinders and piston drives is steadily 
being improved with reference to ac- 
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curacy and smoothness. Much depends 
upon the degree of accuracy required 
because the cost of the unit and con- 
trol system will increase with the ac- 
curacy demanded by the specifications. 
One method seems to be through the 
use of decelerating valves in order to 
hold to an extremely accurate reversal 
point. Particularly high speed reversals 
on a reversing pump circuit have been 
found to be the best answer when large 
machines are involved. 

Hydraulic fluid motors can compete 
on a cost basis with electric motors if 
the horsepower is 72 or more. These 
fluid motors are of the piston type as 
contrasted with the vane type motors 
or the gear motors for machine tool 
spindle drives. These may run as high 
as 30 horsepower and higher horse- 
powers are in the offing. 

Variable hydraulic 
wide range as high as 40 to 50 to 1 
are obtainable through the use of a 
variable pump driving a variable mo 
tor. Vane type motors are being used 
for driving the spindles of grinders. 

Infinitely variable speed transmission 
with speed regulation not greater than 
one percent is being used on rewind 
drives and tension drives. This resul 
is achieved through the use of feed- 
back mechanisms. Standard piston 
pumps and motors with constant load 
can give a speed regulation within two 
or three percent. For greater precision 
‘he feed-back mechanism is required. 

Piston motors can run at minimum 
speed as low as 1 rpm. With a speed 
variation of less than 2 seconds for 
any quarter revolution, hydraulic mo- 
tor speeds are now being used gen- 
erally up to 3,600 rpm with a maxi- 
mum speed ratio of 72 to 1 for low 
horsepower drives. For higher speed 
ranges, hydraulic cylinders can be 
used for maximum speed ratios of 
231 to 1. However there have been 
unusual milling machine drives with 
fluid motors operating over a range 
of 130 to 1. 

Hydraulic oils of premium quality 
have a viscosity index of about 100. 
Viscosity index improvers can in- 
crease this figure but unfortunately 
when the oil is forced through a small 
orifice under high pressure, the vis- 
cosity index improver is broken down 
and its benefits are destroyed and the 
viscosity drops. Synthetic oils for hy- 
draulic systems, higher in cost, can 
be used where higher viscosity index 
materials are essential 


speeds over a 


Fire resistant hydraulic fluids are 
steadily becoming in greater demand. 
These of course are in the familiar 
hydrocarbon oils. One type of the fire 
resistant hydraulic fluids are the so- 
called aqueous or water-based fluids 
which are essentially water plus a 
glycol and a thickening agent plus in- 
hibitors and lubricity additives. They 
possess good viscosity index but the 
limitation is established by the quan- 
tities of water involved and the fact 
that they are not satisfactory at tem- 
peratures above 150 F. 

Phosphate esters are another type 
of fire resistant hydraulic fluid. This 
tamily of fluids has excellent lubricat- 
ing properties but relatively poor vis- 
cosity index although good enough 
for most plant-type industrial hy- 
draulic applications. However, these 
phosphate esters have had bad effects 
on seals and packing materials of the 
usual type. Special packings are avail- 
able. Halogenated fluids are a third 
type of fire resistant hydraulic fluids. 
These are a combination of chlorine, 
bromine, iodine and fluorine in the 
combined state. These fluids are also 
very good lubricants but have poor 
viscosity index and are hard on the 
life of packings. 

Soluble oil emulsions are also be- 
ing worked on for fire resistant hy- 
draulic fluids but have not yet been 
developed to the point where they are 
generally applicable to hydraulic sys- 
tems. It is quite possible that in the 
future soluble oil emulsions will be 
an important type of fire resistant hy- 
draulic fluid. 

In general, users of hydraulically 
operated machines change from min- 
eral oil to fire resistant fluid for rea- 
sons of safety, although they would 
prefer to retain mineral oil because of 
less expense. Some engineers have 
made design changes in the form of 
shielding of piping to prevent the 
fluid spreading in the event of joints 
and pipes leaking or rupturing. 
Cheaper insurance may tend to offset 
higher fluid costs. Several users of 
fire resistant fluids have noted reduced 
equipment life as compared to that 
formerly obtained with mineral oil. 
This condition will undoubtedly 
change with time as improvements 
are made in the fluids and metallurgy 
of equipment. 

Hydraulic rotating motors are 
rapidly finding new applications and 
indications are that their use will 
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spread into many new fields. They are 
now finding new applications in the 
design of construction machinery to 
all types primarily because of their 
compactness, their relatively high 
torque output and the fact that they 
simplify considerably the drive and 
control system involved. Constant 
speed or variable speed motors are 
in use. They lend themselves to var- 
iable speed operatior wide 
range. Manufacturers of such motors 
are constantly developing new designs 
to meet supply conditions and to make 
their application more flexible. 
Another factor that is stimulating 
the use of hydraulic components in 
many new fields is that they are adapt- 
able for 
cluding servo controls. In fact, 


over a 


automatic operations in 
there 
is a hydraulic analog in every elec 
trical relationship. Both can be done 
hydraulically and electrically. In some 
instances, the required hydraulic com- 
ponents have not been developed and 
refined to the same high degree to 
which electrical components have been 
developed. Also, many electrical com- 
ponents for a given delivered output 
or for a certain desired functioning 
are obtainable in vastly smaller sizes 
However, in 
straight line motion for example, the 
hydraulic unit is far superior with 
reference to output per unit of vol- 
ume of space required. 

Filters are one of the most sensitive 


some instances, as In 


elements in a hydraulic circuit. 
There is no difficulty in designing 
a “micromatic filter”, a filter 
which will strain out of the oil par- 
ticles of extremely smali size. How- 
ever, the pressure drop in going 
through such a filter is extremely great 
if the volume to be passed through the 
filter is relatively large. To circumvent 
this difficulty, proportionating filters 
These propor- 


that is, 


are commonly used. 
tional filters filter only a fraction of 
the oil that is being circulated. The 
fact that the same piece of sludge 
might circulate a number of times be- 
fore being directed to the filter at 
taches to this filter a certain amount 
of inefficiency. It is plain that in most 
cases the micronic filter strains out 
the undesired solid particles before 
any damage is done. However, there 
is a vast amount of work being done 
looking toward the perfection of a 
filtering system that will permit all 
of the oil to pass through the filter 
without an excessive pressure drop 
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COMPLETELY NEW 
LINES OF HYDRAULIC 
PUMPS WHICH GIVE 
YOU FAR MORE IN 


PERFORMANCE AT 
FAR LESS IN COST! 


@ Pumps to give new life to existing equip- 
ment ... to improve performance, in. 
crease capacity! 

Q9 Pumps that afford the design engineer 
the basic equipment for entirely new 
concepts in hydraulically operated 
machines! 

Pumps for machines to do work better, 
quicker, cheaper! 
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1500 PSI ` 2000 PSI 


SERIES H GEAR-TYPE PUMPS SERIES PF-100 VANE-TYPE PUMPS 


The HYDRECO Series H Pumps are intended for use in DUDCO PF-100 Series Pumps can double the value of your 
the hydraulic systems of heavy-duty mobile and industrial hydraulic dollar. You get 2000 psi continuous duty, single- 
equipment, especially where shock loads, impact and stage construction for the cost of equal capacity low pres 
rugged service are “normal working conditions”. Four sizes sure pumps .. . improved equipment design and increased 
(40, 50, 60, 70 gpm) deliver fluid power at 1500 psi . . . in- machine efficiency without the payment of premium prices 
creased horsepower gives greater work output. Pressure These Pumps feature a simplified, 3-unit construction 
Balanced wear plates reduce oil slippage and eliminate the pumping cartridge incorporates the famous DUAL 
power-robbing frictional contacts. SAE Flange Mounting VANE design which provides and assures complete bal 
and split-flange hose connections make servicing simple ance of all hydraulic pressure loads. These Pumps have 
and reduce down-time, Equipment is on-the-job longer. capacities of 3, 5, 8 and 11 gpm at 1200 rpm. 


2000 PSI 5000 PSI 


SERIES PF-100 DOUBLE PUMPS SERIES PV-600 PISTON-TYPE PUMPS 
WITH VALVE PANELS DUDCO PV-600 Series Variable Delivery Pumps generate 


continuous duty pressures up to 5000 psi. Two types of con 
DUDCO PF-100 Series Double Pumps with Valve Panels trols match pump output to system demands. A pressure- 
are versatile units unmatched as a source of Controlled compensated regulator automatically varies the volume in 
Fluid Power for a wide variety of modern industrial equip- response to system pressure. A hand wheel control enables 
ment . . . for 2000 psi operation of circuits calling for a sub- cn operator to vary the volume during the machine cycle. 
stantial variation in pump volume as during “close and High pressure variable delivery means power is trans- 
hold" or "traverse and feed" cycles. The Valve Panel con- mitted without the necessity for an accumulator and with. 
tains the valving necessary for pressure regulation and out any wastage of power thru a relief valve. 
flow control . . . the external part of a system will have less 
valves and controls, reduced piping and fewer parts to 
maintain. Ten capacity combinations with either automatic The New York Air Brake Company 
or remotely controlled operation. 1112 East 222nd Street 


Cleveland 17, Ohio 


Please send details on 
W R l T F T O D A Y e ° ° C SERIES PF-100 VANE-TYPE PUMPS 


[] SERIES H GEAR-TYPE PUMPS 


⸗ ° SERIES PF-100 DOUBLE PUMPS WITH 
Get full particulars on these important mice 


. . PV. PISTON-TYPE PUM 
new developments in hydraulic pumps! MT — 


WW); Uu 
Address 
City — 
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ICKERS. ...the MOST EXTENSIVE LINE 


of hydraulic units complying with 


JIC STANDARDS 


PUMPS 


Shown here are only a few representative standard Vickers Li 
units that comply with JIC Standards . . . standards that 
are directed toward ease of maintenance, safety, longer 
life and uninterrupted machine production. "Undivided 
Responsibility" is another important advantage gained by 


specifying Vickers Units throughout a hydraulic system. 
For further information ask for new Bulletin 5002. Vane Pump * e Ao d di n PAD 


PRESSURE CONTROLS 


Power Unit is Balanced Hydrocushion Hydrocushion Pressure Flow Control Valve 


Self-Contained i te ci with Hydrostatic 
* Hydraulic Power Source epe wed Type — — meee Compensator 


DIRECTIONAL CONTROLS 


Feu ler Vive Check Valve 


ww e r led 

ilot Operated Four-Way Valve 
Pilot Operated 

Four-Way Valve 


Deceleration 


- Valve 
Manually Operated Solenoid Operated. Four-Way Valve 


Four-Way Valve 


MOTORS 


Constant Displacement 
Piston Type Motor 


* | M 
- > ' Traverse and 


High Pressure 
Balanced Vane Type Micronic MA D 
Type Motor Hydraulic Cylinders Accumulators il Filters : 


VICKERS Incorporated 
WRITE for your copy : DIVISION OF THE SPERRY CORPORATION 


1599 OAKMAN BLVD. © DETROIT 32, MICH. 


Vickers Circuitool consists of a handy, h Application Engineering Offices: 


transparent plastic guide and a 24-page ATLANTA * CHICAGO AREA (Brookfield) * CINCINNATI 
manual to speed the drawing and to pro- ° CLEVELAND * DETROIT * HOUSTON * LOS ANGELES AREA 
mote symbol (JIC) uniformity of hydraulic š (El Segundo) ° NEW YORK AREA (Summit, N. J.) * PHILA- 
circuits, ° DELPHIA AREA (Media) * PITTSBURGH AREA (Mt. Lebanon) 
. ROCHESTER * ROCKFORD * SAN FRANCISCO AREA 

(Berkeley) * SEATTLE* TULSA* WASHINGTON* WORCESTER 


ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 
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Fork lift truck uses Vickers Hydraulics in 
one circuit for lift, tilt, roll-over, and winch 
operation. A separate circuit provides 
Vickers hydraulic power steering. 


“Vickers Hydraulics” on materials handling equipment Among the important advantages of Vickers Hydraulics are 
denotes superiority in two ways: First, the maker has simplicity of hydraulic design and of installation, complete 
obtained the benefits of the best in hydraulic equipment. flexibility of control, inherent protection against abuse and 
Second, such care in the selection of hydraulic units generally overloading. For further information get in touch with your 
denotes good design and careful construction throughout. nearest Vickers Application Engineering office. 


Vickers Pump for : Vickers Pumps 
Hydraulic Power Steering j (Single and Double) 


This pump is vane type, hydraulically ; Balanced vane type pumps that auto- 


balanced, and has automatic wear com- 
pensation. Series VT4 has integral 
volume control and relief valves and 
oil reservoir. 


i == s — 
Me a - pare n 


- 


Vickers Hydraulic 
Power Steering Booster 


Provides effortless, positive and shockless steering. With the 
touch of only a finger, driver can steer the heaviest vehicle on 
or off the road. Fatigue is reduced and driver efficiency increased 


Vickers Multiple 
Unit Valves 


Assemblies of standard interchange- 
2 te sections provide any desired com- 
bination of directional control functions. 
Exclusive porting arrangement provides 
smooth and selective inching control 
and accurate positioning. 


ENGINEERS AND BUILDERS OF 
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matically maintain optimum radial and 
axial running clearances over complete 
pressure range and throughout pump 
life. The result is long life and main- 
tained high efficiency. 


Vickers Hydraulic 
Motors 


Balanced vane type with exclusive 
“rocking beam" construction and auto- 
matic wear compensation. Variable 
horsepower (constant torque) thar- 
acteristics; reversible and can be 
stalled under load without damage. 


VICKERS Incorporated 


DIVISION OF THE SPERRY ORPORATION 


1599 OAKMAN BLVD. * DETROIT 32, MICH. 


Application Engineering Offices: ATLANTA + CHICAGO (Metro- 
politan) + CINCINNATI + CLEVELAND * DETROIT + HOUSTON 
LOS ANGELES (Metropolitan) NEW YORK (Metropolitan) * PHILA- 
DELPHIA (Metropolitan) + PITTSBURGH + ROCHESTER + ROCK- 
FORD « SEATTLE + TULSA + WASHINGTON + WORCESTER 


HYDRAULIC EQUIPMENT SINCE 1921 
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COMPACT DESIGN 
SAVES UP TO 


PERFORMANCE 
WITH EXTRA HIGH 
SAFETY FACTOR! 


Ç parema 


OIL pressure to 750 — AIR to 200 P. S. I. 


Now the sensational new T-J Spacemaker sets the pace in 
compact cylinder design and efficient performance! 

New "Self-Aligning" adjustable oil cushion means faster 
acceleration and better cushion than ever before . . . New 
T-J Super Cushion Flexible Seals for air insure positive 
cushion with automatic valve action for fast return stroke. 


—]1 


| en J / 
i. » | 
| ( } | 9 | / 
| | | 
\ J / 
| —— °| / 
l i= Gd A 
SQUARE HEADS WITH TIE RODS = 
/ 
/ 


More plus features inciude—heavy wall, precision honed, 


D. NB IN] / SPACE 

& oo / SAVED hard chrome plated, seamless steel body . . . leakproof 

k Ea IS L cylinder head to body construction . . . heavy duty, high- 

eee at Ae tamtn tensile, hard chrome plated piston rod. Write for bulletin 
SM-454-2. The Tomkins-Johnson Co., Jackson, Mich. 


TOMKINS-JOHNSON 


AIR AND HYDRA YLINDERS CUTTER CLINCHOR 


—— ne — —— — —— mom o — — 
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COMPRESSED AIR... 
do you get it economically? 


If you can’t answer this one, you might find 
some investigation worthwhile. 

When is a compressor worn out? What 
model and horsepower is the best answer for 
your application? How much reserve capacity 
should you allow for? 

Providing the answers to these and other 
questions about air compression is all in the 
day’s work for Worthington. We’ve got the 
widest line to choose from, so you'll know 
any new Worthington equipment you get is 

Il “right” for your particular job. 
FOR SMALLER QUANTITIES of compressed air, Worthing- 
ton's Balancéd Angle Compressor is your best bet. Mills, 
machine shops and laundries ail over praise the quietness 


and efficiency of this dependable unit. Sizes range from 
1⁄4 through 15 hp. 
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COMPACTNESS AND EASY INSTALLATION are the big ad- FOR THE REALLY BIG JOBS, specify the horizontal, water- 
vantages of Worthington Radial Air Compressors, used cooled HB—the work horse of the Worthington compres- 
where larger quantities of air are needed. Like all Wor- sor line. We've had reports about 30-year-old HB's that 
thington: compressors, the radial is equipped with our are giving the same good service as when first installed. 
exclusive Feather* Valve. Sizes from 25 to 100 hp. Sizes from 7% on up to 125 hp. 


* Reg. U. S. Pat. Of 
Get the whole story about these modern compressors. Write for 
Bulletin WP-1099-B52 to Worthington Corporation, Pump and 
Compressor Merchandising Division, Harrison, New Jersey. 


WORTHINGTON 


VEA— 


=== KS 
SPECIFY THESE WORTHINGTON STANDARD PRODUCTS ON YOUR EQUIPMENT 


Compressors . Pumps . Multi-V-Drives . Variable Speed Drives 


J42 Product Engineering — 1955 Annual Handbook 





——— ww w el 


ight 
oe kaged 
Adapter 
Unions 
since 194 
1 c 


Manito 
Eastman 


ion ws 
HOSE. ASS 


5 


s 
fat 


form No. 
tor tor sizes» 


"Usa SAFEGUARDING 
INDUSTRY'S 


CEA — 
Pour 


ss 


d 


for free catalog 104 a G4 SUN =| 4 


on Eastman Hose Coup- 


lings and Bulletins 231B MANUFACTURING COMPANY 


& 232B on Straight and Since 1914 
Angled Adapter Unions. Dept. PE55, Manitowoc, Wisconsin 








(í J V ) | li | From an interview with 
HHT . D. H. 1 ; , 
e $ a Ve ways ue n —— — 


Corporation, Alóion, Michigan 


' | e recorded by a WEBSTER EKOTAPE 
with 


WEBSTER pumps” 


says Service Caster & Truck 
Cor poration The wEBSTER Hydraulic 
Pump has been very satisfactory. It is easy 
to install because the drive gear is an integral 
part of the pump drive shaft. This is an 


economy feature; we save time installing 
the unit, and eliminate the problems of a keyed 
assembly. 

“Another reason we use the WEBSTER pump 


is that it is lower priced than most of the others 
available for this particular installation. It 
helps us get the contract. 


“This WEBSTER Hydraulic Pump compares 
favorably with the pumps that we've used pre- 
viously ... and saves us money two ways.” 


Choose from WEBSTER’S 90 types E 


The type HC WEBSTER Hydraulic Pump used ign Pr 
by Service Caster is but one of 90 types of — Lu made to U. S.. 
positive displacement gear pumps with capac- A ai Navy specifica- ` 
ities from ¥6 gpm to 30 gpm—at pressures up | X vM E n 
to 1200 psi-—speeds to 3600 rpm— with or 5 7w Capp: "puel 
without relief valves—for sealed or wet sump P "1 Corp., is equ ipped 
mounting. l i ~ > witbaWEESTER 
N : | * Hydraulic 

One of these custom-built units may well be , Pomp 0 
the answer to your particular application. | ni 
They are highly adaptable to a wide variety 
of uses in oil hydraulic systems. 


Write us today for a catalog which con- 
tains illustrations, descriptions, performance 
cbarts, and pump data sbeets om wbicb you can 
tell us your requirements. 


OIL HYDRAULICS DIVISION 


WEBSTER jy ELECTRIC 


RACINE, WISCONSIN | “Where Quality 
ESTABLISHED is a Responsibility 
1909 and Fair Dealing 


an Obligation” 
MANUFACTURERS OF A COMPLETE LINE OF OIL HYDRAULIC PUMPS 
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AIR AND HYDRAULIC 


—W 


SPEEDS, COORDINATES, REFINES 
PRODUCTION IN MORE THAN 
10,000 INDUSTRIAL PLANTS 


Cer and ri e m 


FLUID POWER SPECIALISTS mn c 1916 
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V. E(NICHOLSON)s CO. 


TRAPS: VALVES - FLOATS 


200 OREGON ST., WILKES-BARRE, PA. 


Nicholson Control Valves 


For Single- and Double-Acting Cylinders. 
Many Special Applications. 


For Air, Stem, Water, Oil, Gas, etc. 
12 Types: All Pressures to 5,000 Lbs. 


Nicholson valves are furnished in 12 standard designs for “on-off” 
action and cylinder control; special types for distributing, metering 
and alternating service, as well as for many other special operating 
cycles. 

In a wide range of plants—steel, metalworking, processing, etc.— 
many Nicholson cylinder control valves have now been in continuous 
service for well over 25 years. Their capacity for long, leak-free serv- 
ice is confirmed by repeated installation records showing Nicholson 
valves actually improve with use. This is because the lapped, flat 
surfaces of their non-corrosive discs and seats tend to become smoother 
and tighter with each operation. 

Unlike many poppet or balanced piston units, Nicholson valves can 
be used for steam as well as for air, gas, oil or water. As a result of 
this adaptability, users of Nicholson valves need stock fewer spares. 
Specially treated hard seats and easy repacking cut maintenance time. 

Nicholson valves feature an especially large selection of metal com- 
binations; also gaskets and gland packing best suited to your service. 
Valves furnished for all mediums and types of operation: lever, foot, 
motor and solenoid. CATALOG 552. 


LEVER-OPERATED VALVES, 4 STYLES 


For air, steam, water, oil, gas, etc.; 
pressures to 300 Ibs. 

2-Way Type in sizes 4” to 2⁄2”; 60° 
lever travel. For use in place of gate or 
globe valve. 
3- and 4-Way Types in sizes Vg” to 142”; 
60° and 120° lever travel, with or without 
neutral. 3-Way for single, 4-Way for 
operating double-acting cylinders of 
presses, hoists, clutches, etc. Special types 
for plastic molding machines, open-hearth 
furnaces, 2-pressure press operations, etc 


FOOT-OPERATED 
VALVES, 2 Styles 


For air, steam, water, oil, gas, etc.; 

pressures to 300 Ibs. 
2 - Way 
Type in 
sizes 1⁄4” 
to 1*4", 
For pres- 
sure-tight, 
quick-acting shut-off service. 
3- and 4-Way Types in sizes '4" to 1". 
3-way for single, 4-way for operating dou- 
ble-acting cylinders. Have many applica- 
tions on presses, hoists, rubber machinery, 
etc. 


MOTOR-OPERATED VALVES, 3 Styles 


For air, steam, oil, gas, tar or water; pres- 
sures to 350 Ibs. 
2-Way Type in sizes '4" to 2/5"; with "On" 
and "Off" positions only. 
3- and 4-Way Types in sizes Ye” to 142”. 
3-way for single, 4-way for double-acting 
cylinders, and for many special cycles where 
the time between operations is variable. 


Sales and Engineering Oftices in 58 Principal Cities 


SOLENOID-OPERATED VALVES, 3 Styles 


For air, steam, gas, oil, water, etc.; 
pressures to 375 Ibs. 

2-Way Type in sizes '4" to 1'2". For 

use where a quick-acting "On-and-Off" 

valve is required. 

3- and 4-Way Types in sizes Vs" to 1". 

For remote or automatic control of sin- 
gle- and double-acting cylinders, and for 
special cycles such as distributing, pro- 
portioning, filling and emptyiag one or 
more tanks, coils, vats, etc. 

Types with or without neutral; for sus- 
tained or momentary contact applications. 
All types can be operated by push-button 
stations or time-cycle devices. Solenoids 
are available for operating on AC or DC 
up to 550 volts. Other voltages on special 
order. 


Nicholson Welded Floats 


Spherical, Elliptical, Cylindrical. 2" to 14" 
Diameter. Press., Vacuum to 4250 Lbs. 


STANDARD WITH HUNDREDS OF MANUFACTURERS 


Nicholson heavy-duty welded floats are made of die-formed halves. 
The butt-welded seam forms a reinforcement ring. For pressures to 
4,250 lbs. Furnished in any type for external or internal pressures; in 
stainless steel, Monel, chromium, cadmium or copper-plated steels. 
Stainless and Monel in rough-buffed or polished finish. Nicholson floats 
are standard on hundreds of types of processing and steam specialty 
equipment, liquid level controls, etc. Standard or special connections. 
BULLETIN 753. 


STANDARD FLOAT CONNECTIONS 
©) © 
=. — 8 BR 


Style 15 Style 35 


7d" 2 u 


Style 4T Style 5E Style 6C 


K. . Pa ceu s. 


Style 7R Style 8E Style 9E Style 10R 


Style 2S 
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FÜR ENGINEERING, PRECISION PRODUCTION & DEPENDABLE 


PERFORMANCÉ THERE IS NO SUBSTITUTE FOR 


HYDRAULIC PUMPS 


Engine or electric 
motor driven. Capac- 
ities from .7 gpm 
to 60 gpm. Pres- 
sures to 3000 psi. 


POWER PACKAGES 


Capacities .5 to 8.0 
gpm, pressures to 
3000 psi. 6 to 120 
volts DC with either 
or reversible rota- 
tion. 


ELECTRIC MOTORS 


Custom design with 
standardized parts. 
High Frequency— 
AC Induction .01 to 
9 hp. DC Series, 
Shunt, or Compound 
6 to 120 volts .01 to 
11 hp. 


STEERING PUMPS 


With built in flow 
control and relief 
valve. For heavy- 
duty trucks, busses, 
and off-highway 
equipment. 


Call or write the Home Office, Bedford, Ohio for full information 
on these Pesco products as applied to your specific installation. 


HYDRAULIC PUMPS * BOOSTER PUMPS * FUEL PUMPS 
AIR PUMPS + ELECTRIC MOTORS + POWER PACKAGES 


xÜ ocu oL gem ab 


AGRICULTURAL — INDUSTRIAL AIRCRAFT AUTOMOTIVE CONSTRUCTION EARTH MOVING 
PRODUCING THE BEST IN HYDRAULIC EQUIPMENT AND ELECTRIC MOTORS 


PRODUCTS DIVISION BORG-WARNER CORPORATION 


24700 NORTH MILES ROAD . BEDFORD, OHIO 
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With KELLER | x 
ENIE MOTO RS yOU get... 


GREATER POWER with less weight 


SMALLER SIZE for compact design 


PROTECTION: against overload 


SAFETY in hazardous locations 


KELLER PISTON-TYPE AIR MOTORS are engineered to afford maximum power in small 
units . . . with a high power-to-weight ratio. Reversible operation and infinitely 
variable speed (from zero to full rating) provide complete control. Keller Air Motors 
cannot "burn out" from overload, and they: are nonsparking for safety. 


WRITE FOR CATALOG SECTION NO. 70 for detailed information 


fürKeller Air Motor used to drive 1ÜrThis air motor operates a 14” @Keller Air Motors power tilt 
the impeller for agitating enamel in valve in an oil refinery where safety turn-table for enameling red-hot 
a dip tank. is a must. bathroom fixtures. 


Keller Tool Company @ 1339 Fulton Street, Grand Haven, Michigan 
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AEROQUIP 
HOSE LINES 
with Detachable, 
Reusable Fittings 


Solve 
Design 
Problems 


Extreme heat, cold, vibration, installation 
complexities, and other fluid line prob- 
lems can be solved readily by the appli- 
cation of Aeroquip flexible hose lines. A 
variety of hose line types in a wide range 
of sizes and burst pressures meet every 
industrial need. 


Aeroquip hose assemblies can be made 
right in your plant, in minutes, by cutting 
bulk hose to length and attaching the re- 
usable fittings. An inventory of bulk stock 
permits the making of individual hose lines 
for mock up installations or thousands of 
hose lines for production runs. 

Write for complete hose line information. 
If you want help on a specific problem, a 
qualified Aeroquip sales engineer will 
arrange a call. 


"little gem" is an Aeroquip Trademark 


AEROQUIP 1509 


Aeroquip double wire braid hose for high pressure 
hydraulic, hot oil, grease, crude and fuel oil, gasoline, 
and air lines. Pressures range from 5000 p.s.i. in 1⁄4“ 
size to 1000 p.s.i. in 2" size. 


H r p 
d 
on © > 


Aeroquip 1500 p.s.i. single wire braid hose for medium 
pressure hydraulic, water, hot oil, crude and fuel oil, 
anti-freeze solution, gasoline, diesel fuel, and air lines. 
V4" to 34". 


ede Patel . ifr P 

|". L4 f N ñ E B H 

AEROQUI! i e 5 
s 1 — 


Aeroquip 250 p.s.i. triple-ply cotton-reinforced hose 
with one-piece SOCKETLESS fittings for low pressure 
hydravlic, water, hot oil, crude and fuel oil, anti-freeze 
solution, gasoline, diesel fuel, vacuum and air lines. 


Ya", Yo", Ya", Ya" 


RDA) UND LAB INC INSA " 
LE GAS HOSE NO IQ 
MAA WH PRESS 75008) 


ama ——— E 


Aeroquip wire-braid-reinforced butane-propane hose 
for LPG engine plumbing or for fixed installations 
where vibration causes problems. This is the only 
butane-propane hose line listed by the underwriters’ 
laboratories. V4" to 2". 


Ë 2 ] 
i524 E 


T [mL Ru 
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Aeroquip burstproof hose with “little geme”’ fittings 
for steam cleaning units, dry cleaning and pressing 
equipment, foundry equipment, plastic molding presses, 
steam boiler installations, rubber curing and vulcanizing 


equipment. 2" to 1”. 
19 L- 1: 


— PIA 


Aeroquip Freon hose for use on automotive and com- 
mercial air conditioning units and refrigeration aquip- 
ment using Freon 12. Sizes are ‘a to 2” 


\eroquip 


AEROQUIP CORPORATION, 


JACKSON,: MICHIGAN 


SALES OFFICES: Burbank, Calif. « Dayton, Ohio « Hagerstown, Md. « High Point, N. C. « Miami Springs, Fla. « Minneapolis, Minn. + Portland, Ore. + Van Wert, Ohio e Wichita, Kanı 
IN CANADA: Prenco Progress and Engineering Corporation Ltd., Toronto « IN ENGLAND: Super Oil Seals & Gaskets, Ltd., Birmingham 


AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A. AND ABROAD 
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1 THE GREER ACCUMULATOR 


a Most Versatile and Dependable Hydraulic Component Ever Devised! 


La ed > pa D RIS 


Greer Accumulator maintains pressure in 


work-holding system by replenishing the 
fluid lost through leakage. 


d 
E 


Fluid pressure varies with fluid temper- 
ature in closed hydraulic system. 


Greer Accumulator maintains pressure 
despite fluis temperature variations. 


© 


Greer Accumu!ator dispensing 
fluids or greases under pressure. 


f 


U. S. Patents under Olaer Licenses 


Guarantees Maximum Performance 
plus Complete Safety! 


Today, over 40,000 Greer Accumulators 
are in active use. They are found in the 
hydraulic systems of trucks, buses, road 
machinery, ships, planes, tanks, subma- 
rines and flying missiles. They power all 
types of presses, control steel processes, 
operate electric switches, absorb pulsations 
in pipelines. Greer Accumulators have an 
important and useful application in almost 
every industry. 


Greer Accumulators are available in 8 
standard sizes from 2 cu. in. to 10 gals., 
operate at temperatures from —40° to 
+180°F. for working pressures to 6,000 
psi. They are rugged, too — each built to 
take many times the work load reasonably 
expected. Safety factor is 5 to 1 


In most phases of industry, application of 
the Greer Accumulator to your hydraulic 
equipment usually means better perform- 
ance, higher efficiency, greater economy. 
Greer engineering offers its know-how 
and facilities to help solve your tough 
hydraulic problems. Write or call us with- 
out obligation. Send for Brochure 301-A. 


GREER HYDRAULICS INC. + N. Y. International Airport + JAMAICA 30, NEW YORK 


Field Offices in Chicago, Davton ond Detroit * Representatives in al! principal cities in U.S. and abroad 
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How to solve “- 


9 PRODUCTION 
PRÜBLEMS. 


with Mead Air Devices 


SEE how to use standard Mead units to make 
automatic or semi-automatic machines! 


New 16-page Mead PHOTO-BOOKLET presents actual examples 
in pictures and text of 39 different, tough production problems 
solved by various combinations of Mead Air Operated 
Devices. This interesting booklet shows how to: 


(1) De-burr small parts fast (2) Press 3 
components together (3) Tap die cast 
knobs (4) Insert rubber discs into metal 
cups for insecticide “bombs” (5) Swage 
hubs to hypodermic needles (6) Ream 
center hole in valve plate (7) Broach 2 
internal slots in brass valve inserts, 
handling 4 sizes (8) Press filters into 
copper shells and indent dimple in shell 
(9) Tap 2 holes *@ in brass brush holders. 
(10) Drill and tap a 1/4-20 hole 9.16 
deep then ream "'bell-mouth" in stainless 
steel forging (11) Drill and ream a hole 
to controlled depth in brass valve body. 
(12) Drill No. 52 hole thru end of solid 
graphite pencil. (13) Press plastic liners 
into perfume bottle caps (14) Drill cast 
iron gas burners (15) Drill *& hole thru 
steel axle of fishing reel (16) Carry copper 
rods thru series of gas flames to braze 
special tips to lower ends. (17) Chamfer 
hole in spark-plug bodies approx. 3,600 
per hour (18) Swage steel ball into brass 
nose of ballpoint pen approx. 3,600 per 
hour (19) Assemble patented brass cou- 
plings and flare neck into nut to simul- 
taneously form fluid-tight seat (20) Drill 
twin holes in chain-saw teeth (21) Coun- 
ter sink both sides small washers, 


wheels, rollers approx. 4,000 per hour. 
(22) Press shafts, bushings into plastic 
knobs (23) Drill and tap 5-40 threads in 
rectangular brass electric terminals, 
approx. 2,400 per hour (24) Crimp 
together 2 thin spring members of pen 
assembly (25) Press brass shells over 
cast iron cores of doorknob assemblies 
(26) Crimp saddles to plastic radio tube 
sockets (27) Stamp trademark on brass 
plugs approx. 3,600 to 4,000 per hour 
(28) Press ferrules on wood handles 
(29) Assemble paper hangers' tool roller 
to yoke by inserting pin thru collar 
(30) Feed, spin finials onto screw of lamp 
shade holder (31) Crimp eyelet and ring 
on pen barrel (32) Drill and tap 2 holes 
8-32 in aluminum BX connectors (33) 
Drill % hole in aluminum part, chamfer 
both top and bottom of hole, approx. 
2,000 per hour (34) Cap cathode tubes 
for TV sets at 3,200 per hour (35) Fill 
pen tubes with ink, insert ball point 
assembly at one pass (36) Bend pre- 


cut copper tubes 90° at 4,000 per hour y 


(37) Drill 2 holes in brass castings, 
fed to 2-spindle drill head (38) Hold 
plastic bead, drill hole, eject (39) Drill 
bushing for 2 size clevis pins. 


Typical Work 
Pieces Handled 


*€909090900909090000900200009000000959099»9»»990909090006090000900009000900090000002000202202€9 
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Memo Coupon 


MEAD SPECIALTIES CO. 

4l!4 N. Knox Ave, DEPT. PE.I04, Chicage 41, I! 
Send new MEAD PHOTO BOOKLET “Aix Power 
At Work" specially printed im green aad black 
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SRO SEES SRS ur roe 


VAT 


AXIAL PISTON PUMPS š AXIAL PISTON MOTORS 


for circuits to 3000 and B for circuits to 2500 and 
5000 psi. Up to 2 5000 psi. Up to 180 
35 gpm. Fixed or ; hp, 5665 inch-peunds. 
variable stroke. Write Write for Bulletins 
for Bulletin P-4. i FM-2, FM-3A. 


BINA 29 Visto; HENS? ctm A ele rM NMR 


A} 


GARI 


i 
+ 


"Hydraulic power ; 
to 5000 psi by VANE TYPE PUMP/MOTORS 


for circuits to 2000 psi. 


vfus 


3 


Up to 82 gpm, 98 hp. 


| B = * d Z re) E Write for Bulletin P-5. 


Océan vs 


CONTROL VALVES 


Pilot-operated Pressure Controls, (Relief, Sequence, 
Unloading and Pressure-Reducing Valves) 14" to 115", 
5000 psi. Bulletin VR-2C. 

Pilot-operated Relief Valves V5" to 115", 2000 psi. 
Bulletins No. 152, VR-3. 

Directional Controls, Vg" to 


115", 3000 and 5000 psi. 


4-way, manual, mechanical, 
electric or pilot- 


controlled, V&" to 114". 
Bulletins VD-1-A, š WRITE FOR BULLETINS 


VD-2-A, VD-7, VD-8. ; LISTED ON THIS PAGE 


-way, pilot-operated, to get detailed information 
solenoid-controlled, 


114", 5000 psi. Bulletins - ú F on any of the components. 
VD-1-1, VD-1-2. ; For a summary of informa- 
Surge Damping Valves, 1⁄4” d J tion on all Denison pumps. 


to 1", 5000 psi. : 
BEP VEIA. pumping units, motors, 


Multi-R Flow C i pump/motors and controls, 
ulti-KRange ow ontrois — ° . - 
V4" to X4", 3000 psi. " — ask for Bulletin 146B. Write co: THE 


Bulletins VFC-1, VFC-2, | Í DENISON ENGINEERING COMPANY, 
No. 143. ! 1224 Dublin Road, Columbus 16, Ohio. 
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Whey LOT CHE n Pol Cn PS 


BLE P ONAN A A ORA 


Direct-operating Controls, 
(Sequence, unloading, 
and counterbalance 
valves) V4" to 11^", 
2000 psi. Bulletins 
VRD.-2 through VRD-8. 


Pilot-operated Check Valves. 
"to 14%", 5000 psi. 
Bulletins VPC-1, VPC-2. 


^ 
- 


ME 


otii iic odit: QU p Se a? 
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LEADERS IN AIR CONTROL SINCE 1844 
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PRESS CONTROLS 


Make Schrader controls 


vour paríners 


in production 


Watch the results when you harness compressed air with 
Schrader Air Control Equipment! 
On many machines, Schrader Control Sets will actually dou- 


ble your production by replacing tedious, time-wasting manual 
operations with swift, safe, sure movement by air. In other loca- 


tions, Schrader Valves, Cylinders and other Air Line Accessories 


lift... lower... pull... push ...clamp. ..clean off —-do so many 
things so easily and quickly that you'll find it hard to believe 
you did without them before. 


Hard to believe? Just look quickly around your plant — keep- 
ing in mind where air power can do the job better. Then let us 
help you develop your ideas into neat, efficient air line hook-ups 
that will pay for themselves over and over again the first year. 
For specific information, write —or, if you prefer, fill out the cou- 


pon below. 


A. Schrader’s Son 

Division of Scovill Manufacturing Company, Incorporated 
477 Vanderbilt Avenue, Brooklyn 38, N. Y., Dept. U.8 

| am interested in more information on 


Nome 


W W W ULU BM" 
Address. 
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IMPELLER 


OIL TO COOLER 
CIRCULATING PUMP S 


INPUT SHAFT 
OIL FROM COOLER 


RUNNER 


OUTER CASING 
INNER CASING 


OUTPUT SHAFT 
N SCOOP TUBES 


Type VS, class-2, adjustable- 
speed Gyrol Fluid Drive—a 
packaged unit. Housing acts as 
oil reservoir and enclosure for 
rotors, bearings, oil-circulating 
pump, scoop tubes. Circulating 
pump, mounted on input shaft, 
supplies constant volume of 
oil for working circuit and for 
lubrication. Dual scoop tubes 
provide stepless-speed control 
for either rotation. 


Choose the exact fluid drive you need! 


[ype TM Gvrol Fluid Drive: 
motor, traction-type drive in a 
single unit; 1 to 20 hp; Bulletin 
8519. Tvpe T: traction-type less 


motor; 14 to 200 hp; Bulletin 7419. 


Type VS, class-4 Gyrol Fluid Drive 
an adjustable-speed drive for 
fans, compressors and pumps, etc. 
100 to 2,500 hp; speeds up to 1,800 
rpm. Ask for Bulletin 9319. 


Type VS, class-2, adjustable- 
speed Gyrol Fluid Drive. Speed 
range: 5 to l. Six sizes, 714 
through 800 hp; speeds up to 
1,800 rpm. Request Bulletins 
9419 and 9519. 


Type VS, class-6 Gyrol Fluid 
Drive — adjustable speed drive 
for boiler-feed pumps, com- 
pressors, other high-speed ap- 
plications. 400-12,000 hp; to 
3,600 rpm. Bulletin 8019. 


American Blower offers you a complete line 
of Gyrol Fluid Drives — including the new 
type VS, class-2, adjustable-speed model 


Application possibilities are unlimited with American 


Blower’s Gyrol Fluid Drive line! 

For example, the new type VS, class-2, adjustable- 
speed Gyrol Fluid Drive can be reversed while in 
motion —at any adjustable operating speed -— by 
merely changing the direction of rotation of the 
motor! And you can use this compact, self-contained 
unit in a variety of arrangements of the driving lnotor. 

The standard Gyrol Fluid Drive line includes con- 
stant-speed and adjustable-speed units — up to 12,000 
hp, and speeds to 3,600 rpm. You'll find there's a 
Gyro! Fluid Drive to fit practically any application. 

For fact-packed bulletins and complete engineering 
data, get in touch with your nearest American Blower 
or Canadian Sirocco Branch Office; or write us direct, 
Do it, today! 


AMERICAN BLOWER CORPORATION, DETROIT 32, MICHIGAN 


CANADIAN SIROCCO COMPANY, LTD., WINDSOR, ONTARIO 


Division of American Radiator & Standard Sanitary Corporotion 


AMERICAN @) BLOWER 


Serving home and industry. NAERICAN-STANDARD + AMERICAN BLOWER + CHURCH SEATS & WALL TILE e DETROIT CONTROLS + KEWANEE BOILERS + ROSS EXCHANGERS » SUNBEAM AIR CONDITIONERS 


J54 
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SIZE OR ACTUATION e SOLVE CONTROL PROBLEMS WITH VERSA VALVES IN ANY SIZE OR ACTUATION e SOLVE 


N1 


VERSA SOLENOID ACTU- 
ATED VALVES are available 
in both single solenoid with 
spring return and double 
solenoid types. 


VERSA PEDAL ACTUATED 
VALVES with spring return 
for "'tip- toe" operation. 
Tread!e actuation also 
available. 


ANY SIZE OR ACTUATION è SOLVE CONTROL PROBLE 


VERSA MANIFOLD 
VALVES in any actua- 
tion save installation 
time and material costs 
when used for original 
equipment. 


VERSA SERIES "A" VALVES in two-way 
type for On-Off operations and three-way 
type for On-Off-Exhaust operations. Only 
1” x 2” overall dimensions. 


SOLVE CONTROL PROBLEMS WITH VERSA VALVES IN ANY SIZE OR ACTUATION e SOLVE CO 


SOLVE CONTROL PROBLEMS WITH VERSA VALVES IN ANY SIZE OR ACTUATION e SOLVE CONTROL PROBLEM 


VALVES FOR ALL ACTUATING REQUIREMENTS 


From over 1000 standard combinations there is a type and size to suit every compressed air and low pressure 
water-, or oil-hydraulic valve need. Solenoid, hand, foot, cam, air or hydraulic pilot actuation for two-, 
three-, or four-way types in Ys, V4, ¥% and 2 NPT sizes. All with either side ports or for manifold mounting. 
All actuating devices, with or without spring return, spring center or differential pilot return, may be used on 
one or both ends of VERSA VALVES. For example, a four-way manifold mount valve can be spring centered, 
solenoid actuated at one end and cam actuated at the other end. 


Versatility is only half the story. Functional designing and precise engineering have made VERSA VALVES un- 
equalled for appearance, compactness and dependability. Furthermore, all VERSA VALVES have an exclusive 
anti-extrusion arrangement of all kinetic “O” Ring Seals for millions of cycles of trouble-free performance. 


Send us your special requirements or write today for VERSA VALVES Dcta Sheets. 


3ZIS ANY NI SJATVA VSN3A HLIM SWilüONd 10N1NOO 3A10S * NOILVAIDV YO 3ZIS ANV NI S3ATVA VSU3A HLIA SW3180lUd TOULNOD 
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Please send me data sheets on 


VERSA IE 


Company 
PRODUCTS COMPANY, INCORPORATED Address 
49 SCHOLES SIREET BROOKLYN, NEW YORK City... 


Position 
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ROTARY AIR MOTORS, COMPRESSORS, VACUUM PUMPS 
Ü h I OFFER BIG ADVANTAGES AS ORIGINAL EQUIPMENT ON 
HUNDREDS OF PRODUCT APPLICATIONS . . . 
or i 2 TYPES, 4 SIZES—TO 3 HP 


Explosion-proof Gast Air Motors give 
you amazing compactness and light weight 
for hp rating. You get the advantage of a 
wide range of variable speeds plus low 
speeds without stalling. They'll start in 
any position. They can't burn out from 
overloads. Rotor vanes take up their 
own wear. Simple, almost service free, 
Gast Rotary Air Motors "fill the bill" 


in many equipment applications with low 


first cost. 


—— «AX» 5 TYPES, 12 SIZES—TO 30 PSI 


specifications 

Integral (motor-pump)—Compact, light 
weight, efficient “package” units. Vanes model model no. 
take up their own wear. Compressor 
rotor mounted on motor shaft for quiet, n ils m 
pulseless air delivery. integral 

" (moto. | O210-P3A-10X | 13) 15 
Light-Duty — For intermittent service. com- 0320-P10A-10X 2.5 20 
Quick pick-up, positive displacement. Re- = -| — a - -| 
semble heavy-duty models but without “a 9240-P12A-10X 10 " 
fans or deep cooling fins, not needed for - 0440-P13A-18X 3.8 10 
brief operating periods. Simpler lubrica- š " Pw 564 - Rs 
tor. (Not illustrated) | ú 2 
I 5. I 
i > : : in 1065-P20A-39 43 25 
tinuous operation. Rotary design gives led ?00-P10-41 -. 174 15 
more air per lb., per hp. Automatic 1565-P21A-107. 114 15 


lubricator has self shut-off. 


=== == 


Heavy-Duty-—Fan-cooled—For long, con- 


ZuSLS25 UZ | 
P 


"Weight without base or motor, except integral models. 


EE VACUUM PUMPS 7 7 TYPES, 13 SIZES—TO 28 IN. 


specifications 
Integral (motor-pump) — Compact, light 


weight, “packaged” units. Seve mounting | rec. max. vacuum 


. š —— 
cost and time. Especially suited for port- model model no. edm | II | ho 
able equipment. Rotor mounted on motor | contin- | wise 


shaft. Rotary design gives quiet operation, 


— L e eee 


pulseless vacuum. Vanes take up own P es | 0210-V36-10X 13 | 1$ | 
wear. pump) | 0320-V3-10X 15 28 | 
Light-Duty For intermittant service. : 0240-V4A-10X | 14 15 
Give quick pick-up, trouble-free perform- a 9440-VAA-10X 14 15 
ance. Resembles heavy-duty models but 0740-V4-18X 56) Ww 
without external fans or deep cooling fins. M65-V4-35 Y 4 š 26 
Simpler lubricator. (Not illustrated) heavy | §765-V) 12 | 56 | "n 
Heavy-Duty-Fan-Cooled — Built for con- E | 1065-' M | M | 28 
tinuous service, dependability, minimum cooled | 2065-V4-39 | 17.8 " 
maintenance, Forced air cooling, deep | 2565-V4-41 | 21.9 n l 


cooling fins. A i i 
£ fins utomatie lubricator has “Weight without base or moter, except integral models 
self shut-off. 





one A a Aa 


1065-V4-34 0210-V36-10X 


OIL-LESS AI :als : i i 
R PUMPS Gast offers you specialized experience in air motors, compressors 


and vacuum pumps for original equipment. Based on 9 design 
düesiable ia 4 types and 17 sizes, over 200 different Gast models go into pro- 
duction each year. With the various accessories, these models 
have a tremendous number of applications. 


Ee sizes, separate 
drive — 2 sizes, 
integral - motor. "hir may be your Answer!" Write for detailed Information on your application. 
Write for “Oil- Original Equipment Manufacturers for Over 25 Years 

= less” Bulletin. E ww AE MOTORS - COMPRESSORS - VACUUM PUMP: 

3040-V103 P (TO THREE H.P.) (TO 39 185.) (TO 23 INCHES) 
FEM! GAST MANUFACTURING CORP., 141 Hinkley St., Benton Harber, Mick. 
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...assures non-stop production flow with BIG 
savings in maintenance and investment cost! 


The production magic of “AUTOMATION” demands faultless performance—as the fail- 
vre of one important component of “automation” machinery and equipment can shut 
down an entire manufacturing process. 


In the “automation” application illustrated above, 22 Standard Miller High Pressure 
Hydraulic Cylinders are employed on each of two identical automotive transfer machines 
built by Ex-Cell-O Corp. of Detroit, Michigan, a recognized leader in the design and 
manufacture of "automation" equipment. 


The machines perform — simultaneously and automatically — drilling, countersinking, 
counterboring, and tapping operations on automotive cylinder heads. And the Miller 
Cylinders accomplish the vital clamping, feeding, holding, rotating and locating opera- 
tions that enable the machines to function as smooth "automation" production units. 


Miller Cylinders are ideal for such "automation" applications. 
They withstand severest shock loads, provide millions of 
smooth strokes without repacking of seals or other mainte- 
nance. Their space-saving square design cuts installation and 
designing costs. They're available in an infinite variety of 
versatile power and stroke units that cover every need and 
permit the most economical choice for the application. And 
they fully meet the J.1. C. Standards. 


Consult our engineering department or local repre- 
sentative. And write for complete information on this 
and other interesting applications and for our FREE 
Cylinder Bulletins A-105 and H-104. 


SALES AND SERVICE FROM COAST TO COAST 
CLEVELAND * YOUNGSTOWN «+ DAYTON « PITTSBURGH » PHILADELPHIA « 


SOLID 

STEEL HEADS, 
CAPS and 
MOUNTINGS 
Eliminate Breakage 


HARD 

CHROME PLATED 
PISTON RODS 
Prevent 
Scratch-Damage, 
Nicks and Rust 


DIRT WIPER 
SEALS 

Protect Rods, 
Seals, Bushings 


BOSTON e HARTFORD + NEW YORK CITY « BUFFALO e ST. PAUL * GRAND 2604-04 N. Hawthorne Ave., Melrose Park, Illinois 


RAPIDS « DETROIT « FLINT * FORT WAYNE « SOUTH BEND è INDIANAPOLIS 
e MILWAUKEE « LOUISVILLE « KANSAS CITY « SEATTLE * LOS ANGELES » 
SAN FRANCISCO « BALTIMORE « DENVER » ST. LOUIS « MOLINE e CHICAGO 
e HOUSTON » TORONTO, CANADA ond OTHER AREAS 





— Gu ACCUMULATORS 


Single or Double Shell . . . also Intensifiers 


ACCUMULATORS ARE AVAILABLE 
FROM 5 CU. IN. TO 8640 CU. IN. 


The SUPERIOR Accumulator makes available to industry a floating 
piston type cylindrical unit designed to provide maximum service life. 
The double shell construction employed in this design provides a 
pressure balanced inner shell containing a piston as a separator 
between the precharge gas and the working medium. The outer shell 
acting as a gas container and a protective cover insures that damage 
inflicted to the outer shell through rough handling will not interfere 
with the free movement of the piston. Rapid decompression of the 
precharge gas, resulting from rapid discharge of the working medium, 
provides a coolant around the entire working area of the inner shell, 
thus, the accumulator temperature is at the lowest possible level. 


The piston, constructed with two standard “O” rings has pressure 
balancing ports to provide equal pressure to either side of each ring, 
reducing the tendency to extrude and further eliminating the possi- 
bility of pressure lock between “O” rings. A dash pot is provided 
to decelerate the piston travel effecting a gradual cessation of move- 
ment preventing the tendency to hammer at the end of the stroke, 
thus, the entire swept volume of the unit can be available for work. 
Spiral Teflon non-extrusion back-up rings is an added design feature 
that reduces friction and wear, resulting in maximum service life 
at minimum maintenance cost. 


e Superior Accumulators are of flexible design and 
can be developed to meet your specific hydraulic 
operating conditions. 


Consult us on your Accumulator and 
Intensifier needs. 


r 
+ 
š 
* 
J 
d 


— — 


Manifolding auxiliary gas containers to the accumulator enables the design 
engineer to accomplish any desired predetermined pressure curve. 


This shows construction of Superior Double Shell 


Accumulator. 7 
CLEVELAND OFFICE HYDRAULICS DIVISION 


CARD M. dni SUPERIOR PIPE SPECIALTIES COMPANY 


—— HS 2917 S. Cicero Ave. Phone—Olympic 2-9132 Cicero 50, IIl. 


FOR DISTRIBUTION OR REPRESENTATIVES IN YOUR AREA CONTACT THE CLEVELAND OFFICE 
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Hanna 
Air & Hydraulic Valves 


Designed to provide most efficient control for Hanna 
cylinders — ideal for other fine control jobs too. Many 
types available for hand, foot and electric operation, 
speed control, pilots and master for automatic and 
remote control. 


WRITE FOR CATALOG No. 254 





CHOOSE BLACKHAWK 


for your product 






Electric Power-Packer 


Here's the dependable answer for electri- head. Only four mounting holes. Port is 






J62 


cally-operated hydraulic control of imple- 
ments and attachments. Uses a 6-volt 
standard automotive starter-motor for power. 


Speed—Lifts the load three times faster 





Control is simple, precise! It 
lowers at any desired speed — and holds 
the load, too. 


than hand-operated pumps. 

Remarkable Efficiency means low battery 
drain. 
battery (without rest or charging) still 
operating after 150 average lifts. 


Tests show ordinary 6-volt auto 


Positive Displacement means no slippage 
under varying temperature and load con- 
ditions. 


lifts and 


Quiet, Smooth Operation— no peak loads 
on the battery — thanks to the balanced 





Hand-Operated Power-Packer 
(Double-Acting) 


Specified as "standard" by hundreds of 
equipment manufacturers. No other hand. 
operated pump equals its sales records. 


SPECIFICATIONS 


Moximum Pressure 
(P.S.1.) 


Displocement per 





stroke (Cu. In.) ,557 T^ 
Diameter of 
Pump Pistons | y” 11/16" 
114 cv. in. 114 cv. in. 
Reservoir closed closed 
Capacity (Cu. In.) 231 cv. in. 231 cv. in. 
vented vented 





Weight 30 lbs. Has M" N.P.T. Port. 
Also available without reservoir for in- 
tegral mounting. 


4-piston wobble-plate pump. 


Simple Installation —1It is a complete pack- 
age — pump, reservoir, valve and electric 





Hand-Operated Power-Packer, Jr. 
(Single-Acting) 


The low cost of this refined, compact 
pump series permits hydraulics on a 
broadened range of equipment, 


SPECIFICATIONS 










Maximum Oper- 
ating Pressure 


I 
(P.S.1.) 6000. 5000 2500 
Displacement | 
per Stroke J 5033 ⸗ 


.19635 | .37122 
2* > 






Diameter of 
Pump Piston 


Handle Effort at 
Maximum Pressure 


7/6" | w"  n/e" 


Eus june 155 9o 
Reservoir 
Capacity 45 cu. in. when closed 


Weight 14 Ibs. 7 oz. Has %” N.P.T. 
port bushed to 4" N.P.T. 


See Sweet's Product Designer's File 


4" N.P.T. for use with Blackhawk equip- 
ment hose. 
SPECIFICATIONS 





Normal Operating 
Pressure (P.S.1I.) 


Maximum Intermittent 


Pressure (P.S.1.) — . 10,000 | 5000 — 
Reservoir Capacity 
(Closed Reservoir) 105 cv. in. 105 cu. in. 
Reservoir Capacity 
(Vented Reservoir) 166 cu. in. 166 cu. in. 


For use with ó volt D. C. Systems. 
of oil 


2500 p.s.i. with power drain of 660 watts; or, 


00 2500 
ae  --. 


P-248 delivers 70 cu. in. per minute at 


another example, it delivers 50 cu 
minute at 5000 p.s.i, with power 
watts, Weight 58 lbs, 8 oz. 
(Electric pump-head is available as separ- 
ate unit for converting P-60 and P-63 Pow- 
er-Packers from hand-operation to electrical 
operation in the field. It's easy because 
reservoirs of hand-operated and electrically- 
operated units are identical.) 


in, of oil per 
drain of 815 





Power-Driven Power-Packer 


Pump, valve and reservoir are in one 
package .. . eliminating expensive piping 
and installation problems. The pump 
has the same characteristics found in the 
popular P-104 Pump (opposite page). 


SPECIFICATIONS 






Capacity of G.P.M. I 
ot 900 rpm I 


Maximum intermittent 


Pressure (P.S.I.) | 4000 4000 
— — M — 
Normal Operating 


1.375 135 






Pressure (P.S.1.) 2500 _2500 

Recommend Speed 

Range (rpm) ` 600-1 20 . 600-1 200 

Reservoir Capacity 

(closed) 1 gol. Y gol. 
— — — 

Reservoir Capocity | 2 gol. 1 gol. 

(vented) 4 4 

Weight _ 70 Ibs. 52, Ibs. 


3⁄4 ° N.P.T. port. 





YOU ARE INVITED TO WRITE FOR FULL FACTS — mentioning Blackhawk components in which 
you are specifically interested. Engineering counsel willingly furnished—in confidence. Blackhawk 
Mfg. Co., Hydraulic Control Division, Dept. P-53114, Milwaukee 1, Wis. 
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HYDRAULIC CONTROLS 


Scores of critical designers and buyers recognize that Blackhawk hydraulics 
create exclusive advantages for the engineering, manufacturing, sale and service 
of their products. Blackhawk has specialized in this field for over 25 years. 


VALVES 


15 H. P. 6-PISTON WOBBLE- 


PLATE POWER -DRIVEN PUMP "VALVBANK" POSITIVE-SEALING 


CONTROL SYSTEM 


The V-68 valve is an open-center, 
series-type precision-control valve. Hy- 
draulically balanced, it handles up to 
6000 P. S. I. working pressures with 
finger-tip actuation. Flow capacity up 
to 6 G.P.M. "Valvbanks" can be built 
up in any combination of single and 
Speed R.P.M. Pressure double-acting control units and in- 
2200 4800 P.S.I. clude a relief vaive. It is spring- 

"T" : ) . returned to the neutral "hold" posi- 
HS - > Be tion, providing “deadman control.” 
wet All ports are 2” standard pipe thread. 


This modern pump— No. P-237 — offers over-all effi- 
ciencies above 90% — with no premium in price. Positive 
displacement makes a wide range of pressures and speeds 
practical. Delivers 3 G.P.M. at 1350 R.P.M. and 6000 
P.S.I. with only 11.65 H.P. input. Following are charac- 
teristics at maximum recommended speed and pressure for 
intermittent service. 


SELECTOR -TYPE CONTROL VALVE 


5 H.P. TWIN-PISTON The V-66 precision control valve is 


POWER - DRIVEN PUMP for use up to 4000 P.S.I. and 2.5 


The positive-displacement P-104 pump 
is famous for the amazing perform- 
ance it achieves with its low-cost 
design. Practical for pressures up to 
4000 P.S.I. in intermittent operation, 
At 900 R.P.M. it delivers 1.375 
G.P.M. at 4000 P.S.I. with 5 H.P, 
input. 


SPECIFICATIONS 


Recommended maximum pressures 4000 P.S.I. 
for intermittent use . . . 2500 P.S.I. for continuous use, 


Capacity (at 900 R.P.M), 1.375 G.P.M. 


Speed (at maximum pressure) — minimum, 600 R.P.M.—Recom- 
mended, 900 R.P.M. — Maximum, 1200 R.P.M, (Maximum speed 
can be exceeded with reduced pressure). 


The integral safety valve is normally set 500 P.S.I, above working 
pressure, 


Over-all dimensions: 54," x 794" x 74" (including shaft) 
— Weight: 18 lbs. 4 oz. 


CYLINDERS 


Blackhawk offers a long line ot 
standardized hydraulic cylinders. 
Exclusive, leakproof designs. 
Special single or double- acting 
cylinders are produced on quantity 
orders. 


G.P.M. Available in “bank” style like 
the V-28. Compact. Normally recom- 
mended for use with the P-104 power- 
driven pump. Handle remains in se- 
lected position until manually returned. 


Has ?$" N.P.T. ports. 


SINGLE-ACTING POSITIVE CONTROL 
VALVE 


An open-center, spring-returned, sin- 
gle-acting control valve. Simple con- 
struction—low cost—rugged. The V-15 
includes a cushioned lowering device 
which also allows connection of valves 
in series for multiple ram control. For 
light return loads, the V-16 affords 
less restriction in returning oil, but 
can be used in the control of only one 
ram — handling up to 2.5 G.P.M. 
maximum flow and 4000 P.S.I. oper- 
ating pressure. All ports are % °° N.P.T. 
bushed to 1⁄4“ N.P.T. for use in sys- 
tem that has small volume. Weight 
—6 lbs. 12 oz. 


AUXILIARY VALVES 


Blackhawk Valves are also available 
for remote release and relief purposes, 
adjustable throttling, manual shut-off 
and safety pressure-release. 


BLACKHAWK 
HYDRAULIC 
EQUIPPED 


An Emblem 
Representing 
Dependability 
Throughout 
Industry 
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CUSTOM PARTS 
QUAD RINGS 


O-RINGS —full line of sizes. Made by Minnesota Rubber, 
werld's largest manufacturer of rubber O-rings. Exclusive 
Minnesota Rubber injection molding process eliminates flash 

and weakening trimming blemishes ọn sealing surfaces (ordinary 
O-ring problems). Rubber density is higher, structure is tougher— 
yet prices are lower than the industry average! 

QUAD RINGS— revolutionary type ring seal newly developed and 
sold oniy by Minnesota Rubber. Completely eliminates "spiral 
twist?" chief cause of O-ring failure. Seal tightly, slide smoothly 
under extremely high or low pressure. Injection molded. 
Interchangeable with O-rings. 

CUSTOM PARTS—custom molded rubber parts by Minnesota 
Rubber feature high density and close tolerances never before 
obtainable on a mass-production scale. Injection molding bonds 
rubber securely to brass, steel, other metals—and simplifies 
production of parts with intricate designs and shapes. 

It’s no art to solve your rubber parts problem... . just 


write Minnesota Rubber today. 
Minnesota Rubber and Gasket Company 


3630 Wooddale Ave., Minneapolis 16, Minnesota 


Dept. 309, Phone MOhawk 9-6781 
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VALVES! 


Use the form below to get specific 

information, prices, circuit designs and 

other data you may need on 

hydraulic valves. 

Rivett catalogs 190 standard models 

in all popular sizes, types, actions, 

piston designs and pressures. Nearly 

any hydraulic valve requirement you 

may possibly have can be filled by Rivett. 

And Rivett's Factory Engineers 

and experienced Sales Representatives will assist 

in planning the rnost efficient circuits for your operations. 
( 


We are interested in the Hydraulic Valves checked below. 

Send complete literature, specifications, and circuit information. Send 
quotations on items checked. [ ] Have our Rivett Representative call and 
supply circuit information Our specific hydraulic problem is: 


Mail This Form Today. Or File 
For Future Use! 
RIVETT LATHE & GRINDER, Inc., 


Fluid Power Division 
Dept. PE 10 Brighton 35, Boston, Mass. 


Hand 
Operation: 
Threaded Stem 
Lever 
Knob 
Action 
Manual 
Spring 
Ball Detent 
Cam 
Foot 
Direct Solenoid Operated 
Mounting: 
Pipe 
Sub-Plate 
Double Solenoid No 
Spring 


Single Solenoid Spring 
Return 


Double Solenoid Spring 
Centered 


Solenoid Pilot Operated 
Mounting: 
Pipe 
Sub-Plate 
Double Solenoid No 
Spring 
Single Solenoid Spring 
Return 


Double Solenoid Spring 
Centered 


Oil Pressure Operated 
No Spring 
Spring Return 
Ball Detent 
Spring Centered 


Air Pressure Operated 


No Spring 


Spring Return 
Spring Centered 
Oil Pilot 
Mounting: 
Pipe Line 
Base 
Foot 


Panel 


Flow Control 


| Spring Loaded 
Pilot Operated 


Pilot Operated with 
Pressure Breaker 


Shut Off 


Deceleration 
Relief 
Unloading 
Sequence 
Direct Operated 


Remote Operated 
With Integral Check 


Counter-Balance 


Sizes 
“a, 5, V, L] %, 
Ë: 114, 12 
Pressures 


CO 1500 P.S.. [3] 3000 P.S. 


Specify Valve Action Desired 


NAME aiio CORDE er — 
COMPANY. — ‘ ES a |) | | md 


furnishes a complete power package 


VALVES + CYLINDERS + POWER UNITS 


Air and Hydraulic 
All sizes and types 
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BARCO 


WHEREVER PIPING CONNECTIONS MUST MOVE, look 
to BARCO for the ANSWER! Whatever your problem, Barco, 


The Only Complete $ of invariably, can solve it BETTER, i ASIER, and QUICKER 


with a tested and proven joint right out of the standard Barco 


BALL ° REVOLV I N G line. This is because Barco builds a truly complete line of 
S W i V z L a S W | N G flexible ball, swivel, swing, and revolving joints — there is a 


JOINTS 


S Flexible 
, BALL JOINTS 


J for Angular Flexing and 
Swivel or Twisting Movement 


This is a versatile, general purpose design suitable for many 
applications. Standard the world over where low cost, leakproof, 
movable joints are needed in piping handling steam, air, water, 
oil, gas, or chemicals. One joint will frequently serve the same 
purpose as several one-plane swing joints. Up to 40° side flexibil- 
ity plus 360° swivel action facilitates quick connection of piping, 
overcomes misalignment. Pressures to 7,500 psi; temperatures to 
1,000° F. 12 styles, sizes from 'A4" to 12". 


Leakp woof 
REVOLVING 
JOINTS 


for Continuous Rotation 


Barco design insures trouble-free performance, minimum roll drag, 
and up to 50% power savings. Inherent low torque is little affected 
by increasing pressure, speed, or temperature. Parts are easily 
accessible. Light running action minimizes wear, permits free- 
floating installations. No adjusting necessary — long, leakproof 
service. Ratings to 250 psi (steam); 450°F. Single flow or syphon 
styles. Sizes 4" to 2" and special to 5". Wide choice of styles. 


Aigh Speed 
REVOLVING 
JOINTS 


for Clutches, Chucks and Machine Tools 


14” Type NV. Used in making high speed, leakproof rotary connec- 
tions for pneumatic, hydraulic, or coolant lines. Light running, sealed 
ball bearing design handles both radial and end thrust with low 
torque and minimum wear. Easy to install where space is limited; 
economical. Precision built for rugged service. For speeds to 
2500 RPM; pressures to 300 psi (air) or 1500 psi (hydraulic). 


SEND 


size and type for every purpose! Submit your problem; ask 


for recommendations — Barco is at your service. 


Self- Aligning 
SWIVEL JOINTS 


for Swivel Motion 
or Slow Rotation 


Specially designed for and widely used in making compact, ‘ow 
torque connections to reciprocating or hinged parts on molding 
presses, construction machinery, die casting machines, oil burners. 
Barco's self-aligning feature provides-side-flexibility (up to 10°) 
which speeds up installation and prevents binding. Easy to 
position piping accurately—no sagging, flopping lines. Leakproof, 
pressure safe. Ratings as high cs 600°F., 3,000 psi (hydraulic). 
Sizes, ¥%" to 2"; angle or straight. 


High Pressure Hydraulic 
SWIVEL JOINTS 


for Aircraft, Ordnance, 
and Industriul Service 


Especially designed for high pressure hydraulic or pneumatic use 
with flared tubing or small piping. Flexibility in joint absorbs 
vibration, compensates for misalignment, eliminates binding, min- 
imizes wear, simplifies and speeds up installation. Choice of styles; 
sizes 4", %", Ya", %". Corrosive resistant construction for service 
to 3,000 psi, —100° F. to 500° F. Approved for many military and 
aircraft applications. 


"Controlled Torque” 
SWING JOINTS 


for Loading Racks, 
Fueling Assemblies 


Built to support piping and provide for swing movement in 
handling gasoline, oil, alcohol, and other fluids. Special ball 
bearing, long sleeve design with exclusive “controlled torque” 
action permits uniform, easy movement, but prevents annoying 
uncontrolled swinging. Single swing, double swing, and counter- 
balance styles with counterweights to meet every need. In steel 
and malleable iron, sizes 2”, 22", 3”, 4”. Also in complete load- 
ing line assemblies. 


FOR INFORMATION 


IBARCO MANUFACTURING CO. C BALL JOINTS. Catalog 215A. 


I Gentlemen: 


| 552 Hough Street, Barrington, Illinois. 


[L] SWIVEL JOINTS. Catalog 265A. 


[] SWIVEL JOINTS (Tubing Type) 
Catalog 269. 


| Please send me information about Barco C REVOLVING JOINTS. Catalog 300A. 
| Products checked at right: C TYPE NV REVOLVING JOINTS. 


Catalog 307. 
[] SWING JOINTS. Catalog 400. 


— - L3 





/ Name. 


[] INSULATING (Electrolytic) JOINTS 





Company 
i Address 


for Piping. 
[J FLEXIBLE STRUT JOINTS for struc 


tural uses. 
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BERRY 


rotary piston, multi-place hydraulic 


g 


Operating ports of a 3-place 
Berry unit, with bearing plates 
omitted for clarity. Continu 
ous rotation assures smooth 
pulsationless flow of power 


High-pressure pump /motor units 
providing rapid acceleration, fast 
reversal, high shock-load capacity, 
high low-speed starting torque. 
Typical applications are: machine 
tools, farm machinery, oil field 
equipment. 


32-10 series 


For higher horsepower applica- 
tions such as cranes, sawmill car- 
riage drive, marine winches and 
capstans, earth-moving equip- 
ment, mining machinery, steel mill 
equipment. 


32-05 series 


Popular in the oil-hydraulic ele- 
vator field because of low noise 
level and pulsationless operation, 
32-05 series units are used also 
for drop forges, sawmills, lumber 
stackers, and miscellaneous fluid 
transfer applications. 


WAREHOUSES: 
Los Angeles, San Francisco, 
Dallas, Chicago, Pittsburgh, 
Birmingham, Ottawe 


pumps and motors 


— 
"S 


GD., 


` 2 


| 
| 
| 
| 


All three rótating members 
(Pi-V-P4) are geored together 
in a 1:1 ratio. There 


"s no 


members with the housing. The 
oil film seals the unit 


| metallic contact of rotating 
| 
| 
| 
| 


Note simplicity and rug- 


gedness of all parts. Anti- The rugged simplicity of Berry 


friction bearings used design leads to long life with- 


throughout provide peak out maintenance, and assures 


capacity and efficiency 


equal performance in both di- 
rections, and as either pump 


or motor. 


PUMP 


Berry 
Model 





92 | 110 ` 
18.4. 
8.05 
16.1 
24.5 
9.2 
18.4 
27.6 


1500 Ibs. 





oem 


1750* 








3600 
3600 





-— — 











2 
3 
a 


Max. Continuous psi 


15 SERIES — ` 


- — — 4 
1100 
— — 
1750* 


—— — 
1750* | 


L 400 


Pu s 
CC 
SSS 


No sealing contact is required 
while the piston P$ passes the 
bucket of V, since the pressure 
is equolized oround P. Cëénter 
member (V) is a rolling seal. 


Smali radius of gyration of 
pistons produces a low inertia 
effect, a valuable characteristic 
where rapid acceleration or de- 


celeration is needed. 


Torque 
lb.-inches ` 


At max. R.P.M. and - 
intermittent P.S.I. 





1080 
200 











3600 | 600 
Max. Intermittent psi 


- 600 





10 SERIES ` 





























Max. Intermittent psi—1500 Ibs. 


—05 SERIES 


— 
—— — 


Max. Continuous psi—300 lbs. 
*Suitable for 2000 rpm. max. 


BERRY DIVISION 


OLIVER IRON AND STEEL CORPORATION 


PITTSBURGH 22, PA 


1500 


Max. Intermittent psi—500 lbs. 


tSuitable for 1222 rpm. max. 


WRITE 


for name of nearest 
Berry Representative 





PROVIDES 
MODERN 


AUTOMATION 


Above: A typical Lehigh AIR 
MOTOR, electrically controlled. 
Combines ao Lehigh AiR CYLIN- 
DER ond a Lehigh AIR VALVE. 


EXPERIENCED ENGINEERING 
e+e PRECISION-BUILT EQUIPMENT 


For more than a decade, Lehigh air control 

engineers have cooperated with major 

manufacturers of production tools... have applied 
practical "Air-Magination" to achieve faster operating 
cycles, eliminate hand operations, improve 

accuracy, reduce fatigue and in general, 


THREE OR FOUR-WAY VALVES improve production. This universal and 
Combination cir gauge, lubricator, 


pressure regulator and strainer valvable experience is yours to command in 


AIR CONTROL PANEL UNITS any problem of automation. Your inquiry is invited. 
For machine tools, special tooling 
and devices 


AIR MOTORS 
For converting manuoily operated x 
machines to automatic operation E 


ES — 


[4 
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Li 


ke SIMPLER THE FILTER 


| 
| 


THE LOWER THE COST. 





It seems hard to believe, 
but you can actually 

= have more efficient fil- 
SS tration at considerably 
lower cost if you simply 
use Bendix-Skinner rib- 
bon elements instead 
of expensive and less 

adaptable metal edge 
or metal screen t y pes. 











e SIMPLE !NEXPENSIVE 
TO INSTALL 


S 
—— Here's how it works— 


























0 T bon elements are in- 
4$ *NO EXPENSIVE BACK UP expensive to begin 
S ED <= with and can be in- 
S stalled at far less 

<= cost than metallic ele- 

S ments that require spe- 
cial back-up supports. In 
fact, in practically every 
instance present metallic- 
” type elements can be 
changed over to ribbon-type 


with substantial savings. 


Ribbon units are available 

in diameters from 4" to 6” 

in any required length with 

filtration rated at 40 microns 
(.0016”). 


Our engineering department 
will be glad to advise on new 
installations or to furnish re- 


sizes. Write us for details. 





moe sit 
uc-RES 
PAMPRE um 
ceu tos 











ANNI 


w 


Performonce Proven 
in millions of 
instellotions. 





Ry 777, 77 


ORIGINATOR OF MICRONIC FILTRATION 


SKINNER PURIFIERS DIVISION OF Bendix 


1503 TROMBLY AVENUE, DETROIT 11, MICHIGAN 


Export Sales: Bendia international Division 5 East 42nd Street 


J70 


placement units in a variety of | 


Bendix -Skinner rib- | 








When it has to Run for Years and Years 


WITHOUT 
FAILURE! 


SPECIFY A LEIMAN VACUUM 
AND PRESSURE PUMP 


Put Leiman in Your Product Designs And 
Get Customer Reactions Like This: 


“Operating for 12 years without requiring 
any maintenance attention whatsoever except 
for lubrication.” 


“They never wear out—never give trouble.” 


"We've had a Leiman pump in almost con- 
tinous operation, 24 hours a day, for the last 
21 years. It's as nearly noiseless as a pump can 
be... absolutely reliable in every respect." 


AUTOMATIC WING ADJUSTER 





2-WING TYPE 


4-WING TYPE 


Vacuums to 20”: pressures to 15 Ibs.; displace- 
ment to 162 cfm. Wings hinged to piston— 
centrifugal force maintains close, continuous 
contact to cylinder wall. Wings take up their 
own wear, insure positive pressure or vacuum. 
No composition material to require frequent 
renewal. Air chamber is large because of 
small piston size, giving unmatched capacity 
for size and weight of pump. 


Vacuums to 29.9”; pressures to 25 Ibs.: dis- 
placement to 40.8 cfm. Blades cannot stick, 
because of exclusive Leiman automatic wing 
adjusting lever which forces each blade to 
meet cylinder wall, insures positive pressure 
or vacuum. Only steel blades (no composi- 
tion) are used. They take up their own wear, 
deliver years of trouble-free service. 


Look to Leiman in designing products 
like vacuum packing and filling ma- 
chines ... paper feeding agitators... 
vacuum chucks liquid transfer 
equipment ... or any other device re- 





quiring continuous, non-pulsating flow 
of air for vacuum or pressure. 


Write for catalog and special bulletin 
on 60 representative applications. e 


LEIMAN BROS., nr. 


107 Christie Street 


S e 


E 


NE 


Newark 5, N. J, 
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Moyno designed for pumping 
ethylene glycol, condensate 
from automatic driers, hot and 
cold water in dishwashers. 


Bronze and stainless steel 
Moyno as used in a drink dis- 
penser. Pumps water af more 


Here's a compact! version of a 
low head, small displacement 
Moyno for accurate pumping of 
small amounts. 


General purpose Moyno for 
pumping oils, water, alcohols 
and caustics. 


than 100 p.s.i.g. 


Versions of this compact Moyno 
are applicable as coolant 
pumps, shallow wel! pumps 
and booster pumps. 


Economical Moyno for the ap- 
pliance field, designed for use 
under flooded head. 


BEFORE YOU "FREEZE" YOUR PRODUCT DESIGNS... 


Read these FACTS about MOWO PUMPS! 


One of these characteristics may 
improve YOUR product ! 


Versatile— Pumps liquids, pastes, 
abrasive-laden slurries. Adaptable 
to heavy industrial machinery or 
small drink dispensers, oil burners, 
dishwashers, sprayers, coolant 
pumps, etc. 


Positive Displacement — Moynos are 


available to pull up to 29" of 


vacuum while discharging under 
pressure. Big Moynos can deliver 
up to 250 gpm. Pressures to 600 
psi obtainable. Provide control- 
lable, non-pulsating flow for meter- 
ing purposes, in either direction! 
Gentle—No churning, foaming; 
won't break up semi-solids. One 
Moyno is pumping potato salad! 
Trouble-Free—Selfpriming; won't 
cavitate or vapor-lock. Just one 
moving part—no valves to stick, 
no pistons to gum up. Low starting 
and running torque. 


What you see here are seven variations 
of a completely different concept of 
pump design ...the R&M "Moyno" 
Pump. It operates on a unique 
progressing-cavity principle, as shown 
by the large cutaway. 

But even more important than how 
it works is how it performs. A good 
example is the Bendix Economat 
Washer, on which Moyno Pumps last 
seven and a half times longer than any 
pump tried before! On other types of 
applications— pumping everything 
from water, air, and abrasive-laden 
liquids to heavy, non-pourable pastes— 


ROBBINS £ MYERS, no. 


users find that the simple Moyno Pump 
design saves maintenance dollars! 

If you use pumps—and particularly 
if your pumping application is a little 
different —there's a strong possibility 
that the Moyno can add new features to 
your product. 


New Bulletin No. 50 has more facts 


Contains performance curves 
and details on pumping char- 
acteristics. Write for your free 
copy. If you can describe 
your application, we will be 
able to reply in even more | 
detail. 


P 


SPRINGFIELD 99, OHIO * BRANTFORD, ONTARIO 


— 

— * N 

; ‘ dai (€ K Y 
"v ES 4 fay 


Fractional & Integral h.p Electric 
Motors & Generators Fans 


Electric & Hand Moyno 
Hoists & Cranes Pumps 


Propellair Industrial 
Ventilating Equipment 





(Cone ure DP, Dil 


OUTSTANDING... AND PREFERRED 
ON ALL INDUSTRIAL HYDRAULICS 


.-- Superior Performance 


. .» Ease of Assembly 
..» Precision Quality 


- Betcha we make it! 


If it's a float operated VALVE 
— or a float operated SWITCH 


Ir voun product involves a float- 
operated valve or float-operated 
switch, chances are we have just 
what you need to perform the func- 
tion you require . . , always better 
and usually at lower cost. 

We can give you an almost end- 
less variety of float-operated valves 
for automatically feeding almost 
any liquid to maintain levels, sup- 
ply, make-up, etc. They cover a 
wide range of working pressure; 
and feeding capacities, 

We can also supply an even wider 
variety of float switches . . . for 
stopping and starting heat sources; 
controlling pumps, and so on down 
the list, We even make explosion- 


A built-in type of liquid 
feeder. We make more 
than 30 types, 


A built-in type of float 
switch. We make more 


proof types (Underwriters' Ap- 
proved) for use in the presence of 
explosive vapors, 

The McDonnell catalog lists 
more than a hundred variants 
of our products. It's a must to 
designers of products involving 
automatic valves or switches. 


M*DONNELL & MILLER, INC. 
3500 N. Spavlding Ave., Chicago 18, IIl. 


than 50 kinds. 


. .. Large Wrench Flats » MCDONNEII 


... Widest Selection of Shapes and Sizes 


JIC FLARED TUBE 


@ Two or Three Piece 

@ Sizes % to 2” Tube 

@ Square Stock Bodies 

@ Variable Length Elbows 
. 
* 


Lateral Tube or Pipe Outlets ASK FOR CATALOG 


Bulkhead Straights - Elbows 


Get Easier, More Accurate 
- Cylinder Speed 


"*"- Control 
A with 


PIPE FITTINGS 


@ Steel-Bar Stock 

@ 3000 PSI Service 

@ Dryseal Pipe Threads 
@ Elbows, Tees, Crosses, 


Unions, Bushings, and 


Nipples VALVES 


IN AIR OR 
HYDRAULIC USE 


2000 and 
5000 (steel) P.S.I. 


Pnev-Trol Valves combine in a short, com- 


MISCELLANEOUS 


Swivel Elbows 
Restrictor Fittings 
Needle Valves 
Ball Check Valves 
Barbed Hose Stems 


Steel SAE 45° Flare 
Fittings 


Write today for Catalog 
Representatives in Principal Cities 


kay 


MANUFACTURING CO. 


808R EAST NINE MILE RD. < VAN DYKE, MICH. 


pact body, a tapered fine thread needle 
for extremely occurate oir or oil flow 
control and a floating retro ball check, 
which permits full flow in the opposite 
direction. Retro boll floats in most sensi- 
tive position to seot, requiring only o 
slight differential pressure to fully open 
or close it. Check Valve and Needle Valve 
incorporate single function features of 
Flow Control Valve. All valves available 
in S female pipe sizes — Ve" to 3⁄4”. 
Valve bodies are mode from brass, alum- 
inum, steel or stainiess steel. Attractive 
Prices — Immediate Delivery. 


Write for Illustrated Circular and Price List. 


Single Acting 
Cylinder 
Speed Control 


— 


Inlet speed contro! for 
Double Acting Cylinder 


UU 


| ILI "a n 7 
ie | 
Wy =i pf 
TES 


Pneu-Trol Devices, Inc. 
14 N. Keating Ave., Chicago 51, III 
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Headquarters for Solenoid Valves 


Headquarters because of the design skill that has evolved 
many special valves for special automatic control prob- 
lems and because of the complete line of basic types, 
variations and sizes. 


MIDGET VALVE GROUP 


Designed particularly for installations 
where compactness and saving in weight 
are essential. For air, gas, water, light oil, 


refrigerants, etc., up to 212°F. Very dur- 
able and exceptionally reliable in 
operation. 
All valves are available with standard, 
watertight, and explosion-proof solenoid 
enclosures. 


Headquarters because of an ability to understand machine 
operations and to work intelligently with design engineers 


on their control problems, drawing on an experience 
in electromagnetic controls that goes back to 1888. 


2-WAY BULLETIN 8210A VALVE | 


® New 2-Way Valve for air, gas, water, 


2-WAY BULLETIN 8262 VALVE 


Brass and stainless steel construction, 
stainless steel and composition discs. 
Pressures to 1,000 psi; Pipe sizes 'A". 
ond '4". Height 24". 


3-WAY BULLETIN 8314 


light oil and refrigerants. 
* Maximum pressure 250 psi. 
* Normally closed or normally open types available. 
€ Pipe sizes 3$ to 1 inch (For larger sizes see Bulletin 8210). 
* Mountable in any position. 


è Forged brass body and bonnet, stainless steel core. 


3-Way Solenoid Valve for Pilot Con- 
trol. Heavy duty construction for 
operating frequencies to 400 times 
per minute. Suitable for pressures at 
any port, Brass and stainless steel 
construction, maximum pressure 125 
psi, pipe size %". Height 34”. 


3-WAY BULLETIN 8300 VALVE 


Designed for pilot control of dicphragm or 
piston operated valves, and for automatic 
and remote control of machinery. 


4-WAY BULLETIN 8345 VALVE 


PA For small double acting cylinders (up 
^ to 4" in dia.) on valves, dampers, 
* ete, Fast (up to 400 operations per 
minute). Mountable in any position. 
Single operating coil. Oversize ex- 
haust port for rapid clearance. Pipe 
size: 4". Overall height, 415/55", 


* Maximum pressure 600 psi; maximum temperature 212*F. 

€ Pipe sizes: 4", 44", %", Ya". 

* Bronze and iron valve bodies; stainless steel trim. 

Steel or stainless steel Special Bulletin 8300 Valves are available 


for handling corrosive liquids, gases, and steam up to 450°F. 
and pressures to 1,000 pounds. 


The valves just described typify the e. Our engineers 
will. be glad to helo wor yut the proper v ve ti meet your 


requirements 


4-WAY SOLENCID VALVE 
BULLETIN 8344 


Constructed For Many Millions Of Operations 
è Available with single or dual solenoids. 
€ Pipe sizes: %", Y2”, 4”, 1”. 
€ Tight seating on air, gas, water, 

water, oil, to 250 pounds. 


Automatic Switch Co. 


379-H LAKESIDE AVENUE - ORANGE, NEW JERSEY 
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* Operating frequency up to 450 times per minute. 





PRODUCTION 
EFFICIENCY 


Demands the BEST 


MONOPAK 
METALLIC 
PACKING 


Seals against 
Oil, Water, Brine, 
Air, Gases and 
Refrigerants 


Assures unexcelled durability . . . Burst-proof, does 
not blow out . . . Compact, easy to install. Low friction 
insures long life. Adopted by hundreds of manufac- 
turers and users of machine tools. 


"SEAL-GUARD'' 
METALLIC 
ROD WIPER 


Protects Cylinder Rods, Machine Spindles, 
Guide Pins, Locating Pins . . . Affords pro- 
tection from falling or flying debris. Two 
flexible bronze rings mounted in synthetic 
rubber lift off harmful substances by means 
of knife-edged conical surfaces . . . Self 
adjusting through action of rubber on stag- 

scraper rings. Rod diameter sizes, 


MONOPAK-CARTRIDGE 
PACKING UNIT 


K Ra eee a re 
M 


For Pneumatic and Hydraulic Cylinders. Combines all necessary 
Packings, Bearings and Rod Wipers into One Compact Unit .. . 
Can be installed or replaced by inexperienced mechanics in a 


few seconds. Write for Literature 


HYDRAULIC ACCESSORIES CO. 


24301 Hoover Road - Van Dyke, Michigan 








e SINCE 1926 @ in the application, design 
and Mfg. of pumps—separators—hydraulic 
accessories. 


FLUID HANDLING 
EQUIPMENT 


Vacuums up to 28” of mer- 
cury; pressures wide range 
depending on cooling system. 


Ask for Bulletin A-1289 
e * où oo 


Designed for me- 
chanical suction 
ond pressure  re- 
quirements for the 
printing and pack- 
aging machinery 
fields. 


Ask for 
Bulletin A-1399 


OEM applications requiring 
specialized design for prob- 
lem liquids. 


Ask for Bulletin A-1344 
and A-1401 


Direct connected oil 
pumps for general 
pressure circulation 
of oil. High suction 
lift; pressures up 
to 100 psi. 


Bulletin A-1330 


° ° 9 o 
Class 34 Circulators 


Enclosed impeller type centrifugal pumps with ball 
beoring design for both vertical and horizontal 
operation Ask for Bulletin A-1531 


General line of fuel 
oil pumps — direct 
connected for light 
oils, reduction for 
heavy oils. Alsc suit- 
able for general in- 
dustrial oil applica- 
tions. Sizes !4" to 6" 


Ask for 
Bulletin A-1193 
° ° oo 


Single ond duplex strainers and 
filters—for both standard and 
high pressure installations. 
Listed by Underwriters Labora- 


TH€ KRAISSL COMPANY 
INCORPORATED 


285 WILLIAMS AVE., HACKENSACK, N. J. 
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Kux Model HP-37 600-ton die casting Lb 
machine— one of many Kux models using v E . mu 
H 3 p 


Chiksan swivel joints. 


Sal]-Beaying Swivel Joints 


@ Smooth fiow radii for minimum flow restriction. 

@ 2 rows of ball bearings handle thrust and radial 
loads. 

© Balanced packing units for specific services. 

© Spherical radius ball plug for uninterrupted ball 
race. 

© Grease retainer provides extra protection for 
ball race area. 

© Wall thicknesses provide maximum strength 
throughout. 


CHIKSAN Ball Bearing Swivel Joints turn 
with full 360° rotation in 1, 2, and 3 planes, 


handling air, hydraulics, fuels, oils, water . i — — 
Johnson Motors cut fluid losses 75X— and other fluids Chiksan swivel joints on fire department 
setting-up time 75% with Chiksan joints - " trucks provide increased hose flexibility 
on their 48 die-casting machines. There are over 1,000 different types, and save on hose wear. 


styles and sizes for pressures and services 
from 28” vacuum to 15,000 psi and for 
temperature ranges from minus 75° F. to 
a plus 500° F. Packing materials have been 
designed for each specific service. 
Wherever unlimited flexibility is required 
in your research, design and engineering 
of new equipment for modern industry— 
CHIKSAN will help you find the solution. 


Write for complete 


information. Dept. 10-PE. 


high-pressure swivel joints pro- 
vide flexibility and eliminate danger of 


CHIKSAN COMPANY è BREA, CALIFORNIA @ Chicago 3, Illinois e Newark 2, New Jersey 


Well Equipment Mfg. Corp. (Division), Houston 1, Texas * Subsidiaries: Chiksan Export ( Newark 2, N « Chiksan of Canada Ltd 
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ALL STEEL co 


^ o A 


rugged, 


TN 


SPACE sAVING 


YOU GET 
ALL THESE FEATURES 


@ Full ltolcartridge rod bearings 


@ Key type stainless steel lock 
ring . . . disassembly in o few 
seconds 


@ Available in cup or piston ring 
construction 


@ Self-adjusting spring loaded 
packing 

€ Heavy wall tubing... 6 to! 

safety factor 


€ Metal rod scraper, milled 
wrench flats, heavy duty high 
tensile chrome piston rod . . 
all standard on all sizes and 
types 


€ 40X less mounting space 
required 


@ Cylinders with built in valves 
ond controls 


powerful, der 
cylinders availat 
better and easier tŠ 
Carter equipped. Carter 3 
most advanced design in the 
No matter what your ap 
tion, there is a Carter cyli 


today. You'll be glad you did. * 


ALL NEW LOW COST 
CLAMP. CYLINDER 


Here is the low cost 

clamp cylinder of 

first-line quality. Universal mount, 
honed steel construction. Don’t miss 
it for smaller, compact epplications. 
Write for full details. 


Controls, inc. 


2800 BERNICE ROAD, LANSING, ILLINOIS 
PHONE 1305 





Catalogs 
and 
Bulletins 


Request additional information using 
postcards following page 24 


(V-1) CENTRIFUGAL PUMPS— 
Warren Steam Pump Co., Bulletin 
WQ-214, 4 pp. Has complete data 
on a new addition to the type DF, end 
suction, centrifugal pump with capaci- 
ties up to 1,000 gpm and heads to 400 
feet. Features are double row thrust 
bearings, deep stuffing boxes, and re- 
newable case wearing rings. Large 
cross-section view of pump included. 


(V-2) SMALL TUBING—Precision 
Tube Co., Booklets, 12 pp. Covers a 
variety of small-size seamless metal 
tubing in O.D. sizes as small as 0.010 
in. Has illustrations of performed 
shapes available. Also contains me- 
chanical and electrical specifications 
and general information on precision 
metal shielded wire. 


(V-3) SCREW TYPE PUMPS—Sier- 
Bath Gear & Pump Co., Inc., Bulletin 
SE-5, 6 pp. Has engineering draw- 
ings, list of specifications, and a large 
two-page cross-section illustration of 
an external gear and bearing bracket 
type screw pump. May be used with 
non-lubricating fluids, and semi-fluids 
in the viscosity range of 32 to 1,000,- 
000 SSU. 


(V-4) ROTARY AIR PUMPS—Lei- 
man Bros., Inc., Catalog 752. Details 
on 4-wing and 2-wing positive air and 
vacuum pumps designed for applica- 
tions requiring up to 29.9 in. vacuum 
and 25 psi. Tables of vacuum, pres- 
sure, and specifications given for each 
type of pump. 


(V-5) FLEXIBLE METAL HOSE—. 
Titeflex, Inc., Catalog 200, 48 pp. In 
addition to complete descriptions and 
specifications for flexible metal hose, 
fittings and assemblies, it has data on 
flexible metal conduit and ferrules, 
hose assemblies, ignition shielding, 
and other components. Has illustra- 
tions and sectional views of most types. 
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BHEW HYDRAULIC CYLINDERS 


COMPACT, EFFICIENT CYLINDERS FOR ANY INDUSTRY 


Efficient, small O. D. BHEW hydraulic cylin- 
ders are built on order to serve the needs of 
any industry and special application. Avail- 
able in ANY mounting style for 1,500 psi and 
3,000 psi operating pressures, from 1'4" to 8" 
bore and up to 156" stroke. 


Rugged, close-tolerance BHEW cylinders are 
now on the job in a wide range of applications 
including: 

lift trucks scoop buckets 


paper cutters telescoping booms 
concrete block * clamps 
machines agricu!tural 


ha 
straddle trucks equipmen 


street sweepers 


steering controls i 
* professional 


grinders furniture 
* And Many Other Uses 


LI Cylinder Features: * Minimum O.D. and re- 
tracted O.A. length * Honed barrels 
Chrome-plated rods available + U-cup or 
ring style pistons + V-pack, spring-loaded 
glands + High temperature packing. 


WRITE FOR ILLUSTRATED LITERATURE ANO SPECIFICATIONS. 


Also water and pneumatic cylinders. 


BENTON HARBOR 


ENGINEERING WORKS, INC. 


BENTON HARBOR, MICHIGAN 
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MANUFACTURING 


PETROLEUM, MARINE «v». 
INDUSTRIES 


PROCESS 


MODELS FROM 3/4 TO 300 G.P.M. ~— CAPACITIES TO 1000 P.S.I. 
SPEEDS UP TO 1800 R.P.M. FOR PUMPING CLEAN LIQUIDS 


SERIES F 


Four-port design offers 8 optional 
piping arrangements. Equal size 
helical gears run in axial hydraulic 
balance. Standard or bronze fitted; 
packed box or mechanical seal. 
Up to 300 P.S.I.—1 to 300 G.P.M. 
for clean liquids. 


SERIES K 


For hydraulic service, fuel transfer 
or fuel supply. Features helical 
gears and exclusive Venturi suc- 
tion and discharge principle in 10 
through 50 G.P.M. sizes. Packed 
box or mechanical seal. 150 P.S.I. 
— 3/4 to 50 G.P.M. 


GEO. D. ROPER CORPORATION 
380 Blackhawk Park Ave. 
Rockford, illinois 


SERIES H 


Widely used for hydraulic mech- 
anisms and other applications 
where high pressures are required. 
Spur gears provide high volumetric 
efficiency. Packed box or mechan- 
ical seal. Pressures to 1000 P.S.I. 
— 5 to 75 G.P.M. sizes. 


SERIES 3600 


For general purpose work han- 
dling thin or thick liquids with 
suction lift up to 15 feet. Standard 
or bronze fitted; with or without 
built-in relief valve. Pressures to 
60 P.S.I. — 40 to 300 G.P.M. 


 —— wR — 
— — 
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Catalogs and Bulletins continued 


(V-6) HYDRAULIC - PNEUMATIC 
OPERATOR — Allis-Chalmers Mfg. 
Co, Bulletin 71B7942, 6 pp. De- 
scribes the advantages of a new Pneu- 
Draulic operator for power circuit 
breakers, having the advantages of 
pneumatic and hydraulic principles. 
Has a typical rating table, and speed 
graphs, showing opening and closing 
of the mechanically trip-free oil cir- 
cuit breakers. 


(V-7) HIGH VACUUM PUMPS—F. 
J. Stokes Machine Co., Catalog 750, 
36 pp. Includes tables of formulas, 
constants and conversions often used 
in vacuum processing; solutions to 
problems of pump selection for typical 
vacuum systems; and information on 
maintenance procedures. Has illus- 
trations of all models, and compleie 
specifications. 


(V-8) SMALL INDUSTRIAL 
PUMPS—Tuthill Pump Co. Cataiog 
101, 12 pp. Covers the complete line 
of the model L series pumps designed 
for lubricating, hydraulic, transfer, cir- 
culating, and burning oils service. Has 
many illustrations and engineering 
diagrams. A pump guide presents the 
services, operating data and other fea- 
tures for each model, to permit choice 
of the specific model. 


(V-9) CONTROLLED VOLUME 
PUMPS—Milton Roy Co, Bulletin 
553, 40 pp. Contains all information 
on the design and construction of a 
line of motor driven controlled vol- 
ume pumps. Other data cover: ca- 
pacity-pressure selection tables; types 
of capacity adjustments; standard and 
special designs; as well as packaged 
systems. A materials section chart and 
application chart are included. 


(V-10) FLOW METERS—Minneapo- 
lis-Honeywell Regulator Co., Spec. 
Sheets 241-247, 20 pp. Covers elec- 
tric evenly graduated flow meter bodies 
and mechanical evenly graduated flow 
meters; square root flow meters, and 
liquid level meters. Includes many 
illustrations, plus construction and 
engineering details. 


(V-11) HIGH-PRESSURE HY- 
DRAULIC CYLINDERS—The S-P 
Mfg. Corp., Catalog 103, 10 pp. Cov- 
ers a new line of space-saving high- 
pressure cylinders for working pres- 
sures up to 2,000 psi. Has illustrations, 
large cutaway views, and complete spe- 
cifications for models available in 11 
bore sizes from 11^ through 8 inches. 
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4-Bolt, Split-Flange Couplings 


ELIMINATE... © se sou 


Pressed-on 
COUPLINGS 
Pressed-on couplings are primar- 
ily for original equipment instal- 
lations where cost and appearance 
are of the utmost importance, 
They ore available only in fac- 
tory-coupled hose assemblies 1⁄2” 
to 2" |. D. and employ the same 
hose gripping methods which 
have made ANCHOR the leader 
of the industry. ; 


Clamp-type 
COUPLINGS 


Where immediate repairs are necessary or where special 
units are being assembled, clamp-type couplings are the 
solution. Original equipment installations give the unit the 
added feature of minimum down time for hose replecement. 
Clamp-type couplings are available for 2” to 2” I. D. high- 
pressure hose and 1,” to 3” |. D. low-pressure hose. There 
are seven different stem angles: straight, 221°. 30°, 45° 
(illustrated above), 60°, 671°, and 90°, 


Weld-type 

FITTINGS 

Weld-type fittings are the answer to the problem of con- 
necting rigid tubing to pumps and valves, particularly in 
the larger sizes. When used with a connector unit (not il- 
lustrated) pipe may be connected to flexible hose. 


X- Spiral Leaks 


* Wedging by 
Tapered Threads 


Contamination 
from Thread 
Compounds 


Separate Unions 
and Swivel Joints 


4-Bolt, Split-Flange Cóuplings 


ANCHOR's FLANCO Couplings give you a tilt- and blow-out proof 
clamp. By locating the plane of the split-flange, clamp-half bolt 
centerlines so that it passes through the center of force of the 
flanged head on the split-flange clamp half, unbalanced moments are 
eliminated. This patented design principie prevents tilting of the 
clamp half and extrusion of the “O” zing. The design of the mallea- 
ble iron clamp halves makes them strong enough to withstand pres- 
sures exceeding the "e: of high-pressure hose. The highly 
efficient and widely used static “O” ring seal 

eliminates the use of gaskets, tapered thread, 

and sealing compounds. FLANCO's flanged 

head and split-flange clamp halves completely 

conform to SAE standards. 

Manufacturers of 
Industrial Hose Couplings and Fittings 


Fabricators of 


Coupled Hydraulic Flexible Hose Assemblies 


ANCHOR COUPLING CO. INC, 


Main Office and Factory: LIBERTYVILLE, ILLINOIS Engineering service 


and catalogs on 
DALLAS, TEXAS request. 


Factory Branches 
DETROIT, MICHIGAN ° 





vw 


— 


STRAIGHT LINE MOTION 


HIGH TORQUE RATCHET DRIVE 


you can perform ALL these 


operations smoothly, 


positively, efficiently, with the 


space and weight saving 


7 Ty. ZZZZIZ/A 


Completely sealed and self-contained, the Hydromotor 
is a simple, dependable, maintenance-free source of 
reciprocating rotary power, installable anywhere . . . 
at any angle. 


Using any hydraulic medium, the Hydromotor de- 
velops instant, full torque in either direction through 
any are up to 280 . mày be stopped at any point, 
reversed, speeded up or slowed down by simple controls. 
Standard models develop 150 to 300,000 inch pounds 
torque at 1,000 p.s.i. input. Two vane models, same 
size, afford double torque values through arcs to 100 
—all based on 1,000 p.s.i. oil supply. 


RECIPROCATING 
ROTARY POWER 


MIXING OR AGITATION 
(OSCILLATING ACTION) 


Larger and smaller sizes than standard 
models are constantly under development 


or already custom-built. Outline your 


requirements and 


Let us show YOU how Bonnot Hydromotor 
can help increase YOUR product efficiency 
or lower YOUR plant operating costs. 


For complete application and engineering 
data, write for Hvdromotor Bulletin 521 
. OR SUBMIT DETAILS OF YOUR / 


SPECIFIC 


NEEDS. 


Catalogs and Bulletins continued 


(V-12) INDUSTRIAL HYDRAULIC 
HINTS — Vickers, Inc., Bulletin 
1300-S, 16 pp. Covers recommenda- 
tions for hydraulic oil selection and 
basic hydraulic system maintenance on 
machine tools and other industrial ma- 
chinery. A table of common hydraulic 
system difficulties and corrective action 
for each is included. 


(V-13) HIGH PRESSURE SOLE- 
NOID VALVES—Waterman Engi- 
neering Co., Booklet, 24 pp. Complete 
engineering data on a line of high- 
pressure solenoid valves capable of con- 
tinuous operation at pressures to 3,000 
psi, for hydraulic systems handling 
non-corrosive fluids. Has illustrations 
and piping diagrams using each type; 
all available for a-c and d-c operation. 
Also has sections on: automatic flow 
regulators; adjustable fow regulators; 
and check valves. 


(V-14) ROTARY PRESSURE 
JOINTS—The Johnson Corp. Bulletin 
853-5M, 8 pp. Has cutaway views and 
engineering drawings of a line of 
Type N rotary pressure joints that 
are packless and self-adjusting, and 
designed for use where an auxiliary 
inlet or outlet pipe must rotate with 
the cylinder. Also has data on the 
type S joint used where lateral move- 
ment is encountered. Both types for 
pressures to 250 Ib, and type S. 


(V-15) PRECISION HYDRAULIC 
EQUIPMENT—The Bruning Co, 
Catalog, 14 pp. Has data on cylin- 
ders, check valves, quick-disconnect 
couplers, and other components. Has 
cross-sectional views of parts, curves 
giving flow ratings, charts with pres- 
sure ratings, and other information. 


(V-16) HYDRAULIC POWER 
PUMPS—Adel Div. Booklet 155-67, 


4 pp. Gives general specifications, 
pump performance characteristics, op- 
erating characteristics, and pump ca- 
pacity selection chart. In eleven models 
the gpm output ranges from 1.62 to 
49.5, and the hp input “rom 0.30 to 
34.0 at pressures up to 1,000 psi. 


(V-17) HYDRAULIC EQUIPMENT 
—Donnell Hydraulic Co. Booklet 102- 
10M, 10 pp. Has illustration, per- 
formance curves, and other data on a 
6 and 12 v electric hydraulic self- 
contained pump used on trucks, trac- 
tors, and other equipment. Also has 
specifications on a line of hand pumps; 


rams and power valves. 
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© A Hefty Assist to Automation 
@ Fully Enclosed 
Integral Junction Box 


The Valvair line broadens again — 
with Speed King's exclusive features. 
All parts are totally enclosed. The 
Speed King will operate submerged 


in water or buried in sand. Simpli- 
city! — only two moving parts. Mold- 
ed coil — no wear or shorting out. 


20,000,000-cycle life and more. 


Speed King is industry's most rug- 
ged and compact valve. 


Other features: for pressures from 35 to 
200 p.s.i. pneumatics, hydraulics, vacuum; 
complete line—2-way, 3-way, 4-way and 
4-way-5-port (2-pressure) models; foot or 


sub-base (manifold) mounting; pipe sizes 
—!⁄4”, 3⁄4”, 1⁄2”, 3⁄4”, and 1”. 


Ask for Bulletin: 54-PE 


Affiliate: Sinclair-Collins Valve Company 
Representation in: BALTIMORE © BIRMINGHAM e BOSTON VALVAIR CORPORATIO 961 BEARDSLEY AVE.. AKRON 11, OHIO 
BROOKLYN e BUFFALO * CHARLESTON, W. VA. èe CHICAGO ? ` 


CLEVELAND * CRANFORD, N. J. e DAYTON © DENVER 
DETROIT e EUREKA, CALIF. « GLENSIDE, PA. e HOUSTON 
KANSAS CITY, MO. e LOGANSPORT, IND. e LOUISVILLE 
MILWAUKEE e MINNEAPOLIS èe PASADENA eè PITTSBURGH 
PORTLAND e ST.LOUIS èe SAVANNAH eè SEATTLE 


MONTREAL @ TORONTO è VANCOUVER 
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HOW TO PICK 
THE RIGHT PUMP 


FOR THE JOB 


TUTHILL simplifies Pump Selection 
for PRODUCT DESIGNERS 


To make it easy for product designers 
to select the right oil pump for the job, 
Tuthill offers new catalog data cover- 
ing pump models to meet the specific 
pumping purposes outlined below. Each 


catalog features an individual pump 
guide so you can select the exact pump 
to fit your need. Check the following 
services and ask for the Tuthill catalogs 
you wish by Catalog number indicated. 


For PRESSURE LUBRICATION 


Mode! L 
Model C 
Model R 


4 to 6 g.p.m. up to 200 p.s.i. 
2 to 200 g.p.m. up to 100 p.s.i............. 102 
34 to 200 g.p.m. up to 100 p.s.i. 105 


Catalog No. 
101 


Models S & SA 4 to 200 g.p.m. up to 200 p.s.i... 106 
For HYDRAULIC SERVICE 


Model L 
Model CK 
Model R 


Catalog No. 


1⁄4 to 6 g.p.m. up to 600 p.s.i........ 101 
5 to 200 g.p.m. up to 400 p.s.i..... 103 
¥% to 200 g.p:m. up to 400 p.s.i.... 105 


Models S & SA / to 200 g.p.m. up to 200 p.s.i............ 106 
For COOLANT SERVICE 


Model C 
Model CK 
Model M 
Model R 


Catalog No. 


2 to 200 g.p.m. up to 100 p.s.i............. 
100 to 200 g.p.m. up to 200 p.s.i........... 
2 to 50 g.p.m. up to 15 p.s.i....... 

2 to 200 g.p.m. up to 100 p.s.i.. 


Models S & SA 2 to 200 g.p.m. up to 200 p.s.i.. 
For TRANSFER AND CIRCULATING 


Model L 
Model C 
Model CK 
Modei R 


55 to 6 g.p.m. up to 200 p.s.i....... 

2 to 200 g.p.m. up to 100 p.s.i....... 

100 to 200 g.p.m. up to 200 p.s.i........... 
2 to 200 g.p.m. up to 100 p.s.i............. 


Catalog No. 
101 


Models S & SA 2 to 200 g.p.m. up to 100 p.s.i............ 
For BURNING OILS 


Model L 
Model C 
Type SU 


Catalog No. 


1⁄4 to 6 g.p.m. up to 200 p.s.i.............. 101 
2 to 50 g.p.m. up to 100 p.s.i.............. 102 
2 to 50 g.p.m. up to 300 p.s.i.............. 107 


For BUILT-IN APPLICATIONS 


All standard Tuthill Pump models are available in stripped form for 
building into the design of your equipment. Ask for Catalog No. 106. 


TUTHELL PUMP COMPANY 


939 < t 95th rest. ^o sima 19, pg 


Catalogs and Bulletins continued 
(V-18) CORROSION RESISTANT 
FITTINGS—Horace T. Potts Co 
Booklet $7-5314.5M, 24 pp. Data on 
corrosion-resistant fittings for use with 
light-wall pipe, plus illustrations of 
fittings with size ranges, dimensions, 
tolerances, test data, accessory equip- 
ment, charts, tables, and methods and 
general information on soldering, 
welding, and brazing stainiess steel 
Features the new tangential fitting in 
piping layout. Has many illustrations 
and curves 


(V-19) FLOAT 
VALVES—Schade Valve Mfg. Co. 
Catalog 107, 16 pp. Has many illus- 
trations and complete specifications for 
a line of float and lever valves for 
water, air, gas, and oil. Max inlet 
pressure for some styles is 400 psi, 
Available in 


to 12 inches. 


AND LEVER 


and lower for others. 
sizes from l^ 


(V-20) AIR & HYDRAULIC CON- 
TROL VALVES—C. B. Hunt & Son, 
Inc. Bulletin 531, 12 pp. Has com- 
plete data on a line of sliding sleeve 
air valves for air pressures up to 125 
psi; single plunger 
water, hydraulic oils at pressures up 
to 300 psi; O and OE type valves for 
air, water, and oils up to 125 psi; and 
hydraulic valves for pressures up to 
5,000 psi. Has many types of opera- 
tions including push button, dia- 
phragm, pilot cylinder, 
cam actuators. 


(V-21) SOLENOID VALVES—Auto- 
matic Switch Co., Catalog 24, 80 pp 
Has general information and instruc- 
tions for valve selection; ‘ow charts 
for full area 
air, gases, and steam. Also, sections on 
manual reset, and no voltage release 
valves, packless 

packed valves; packless, midget and 
small sizes; three-way packless; 2 and 
3-way pilot operated; 4-way packless, 
sleeve type, pilot controlled dia- 
phragm operated valve. Has illustra- 
tions and engineering data on all 
solenoid operated valves. 


(V-22) VALVES—Republic Mfg. C 
Catalog 352 A, 44 pp. Lists: needle, 
globe, plug, check, relief, and special 
valves, plus gage protectors and snub- 
bers, bleeders, and AN vacuum con- 
trol valves. Units are made of various 
metals and are suitable for instrumen- 
tation, aircraft, processing industries, 
and hydraulic systems. Details of con- 
struction are shown, plus complete 
specifications. 


valves for air, 


solenoid and 


valves handiing water, 


solenoid valves; 
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WEATHERHEAD 


--. First in Components for Hydraulic Systems 


5 TYPES OF INDUSTRIAL HOSE for low, medium, medium-high 
and high pressure applications; available in complete size ranges; 
suited for any service condition. 


REUSABLE HOSE ENDS for fast assembly and positive, leakproof 


connections. Rugged construction that cuts costs through re- 
peated use. Designed to insure maximum flow. Only Weatherhead 
gives you fittings with extra-long gripping area for dependable 
performance under high pressures. 


S ES SS 7 P LA AT ar cnet — 


ERMETO® fittings in steel and stainless steel for leakproof seals 
without flaring, threading or welding. Withstand shock loads, 
vibration and impulse at highest pressures. Ermeto connections 
can be uncoupled and reassembled time after time. 


ERMETO REUSABLE HOSE ENDS for connecting hose assemblies 
directly to block; available from stock in standard sizes. 
Specified by major diesel manufacturers for high pressure fuel 
injection lines. 

37° FLARED STEEL FITTINGS conform fully to J. I. C. standards. 
Available in all types and sizes with tube or dry seal pipe 
thread outlet. 


WEATHERHEAD FIELD ENGINEERS are readily available to help 
you gain the advantages of this complete, dependable line. 
Weatherhead Catalogs provide complete data on products and 
applications. Write: The Weatherhead Company, Dept. M-1, 
300 East 131st Street, Cleveland 8, Ohio. 


HYDRAULIC CYLINDERS 


Precision machined to close tolerances, match the same high 
standards regularly met by Weatherhead in supplying the 
aircraft industry. 


W, YOU'RE AHEAD WHEN YOU SPECIFY... 


This trademark Ww) appears on every make of car, truck, bus, 
and tractor W) on equipment for machine tools, diese! and 
GET FAST DELIVERY FROM Q applications &@ = salto for u... 
i rilling, mining, road buildi ircraft, railwoy, 
WEATHERHEAD DISTRIBUTORS J "ide — 8 rag yw @, Sie deu 
ntrol equipment AW) thi mbol resents re thon 1500 

COAST TO COAST — molo lio — ee mu 
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Standard 
Pumps 
for Custom 
Applications 


IMPELLER TYPES 


from O to 174 gpm 
850 to 3450 rpm 


Types available: 
Seal and Seal.less 
Integral Motor Mounted 


Belt anc à Mon yr Base 


Pe or Submerged 


» š Standard 


Self*Priming Auxiliar 


D. 2 
Ask for Comr 


—X HARVESTER 
ompany 


V 


Division 
14300 Tirethan - Detroit 28, Mich 
(FACTORY — Paris, Kentucky) 


484 








Catalogs and Bulletins continued 


| (V-23) HOLLOW-PLUNGER CON- 


TROL 
Brake Co, Bulletin 140, 4 pp. Ex- 
plains the design and other features, 
along with several cross-sectional dia- 
gramis that show how staggered ports 
in the valve plunger provide accurate 
throttling. Available in capacities of 
5 to 80 gpm for pressures up to 2,000 
psi. 
drawings show variety of styles in 
which these controls are available. 


(V-24) HYDRO-MECHANICAL 
DEVICES—Pathon Mfg. Co. Bulletin 
22, 32 pp. Illustrates, lists and gives 
complete specifications for a line of hy- 
valves, and rams. 


draulic cylinders, 


| Covers the 2,000 and 1,000 psi cylin- 


| double 


ders, and discusses construction, func- 
tional requirements, and for operation 
with water. Valves discussed are: pilot 
operated with or without single and 
control, and spring 
Contains many line 


solenoid 
centered or offset. 


| drawings, charts, and computations to 


| Bulletin TDC, 8 


determine motors size from various 


given data. 


(V-25) STAINLESS TUBING & 
PIPE—The Babcock & Wilcox Co., 
pp. Hints on the se- 
lection of stainless tubing and pipe for 
corrosion resiscant applications. Has 
many charts slowing the comparative 
corrosion resistance of stainless steels 
to corrosive media, and has data on 6 
widely used stainless tubing steels and 
several hundred corrosive media at vari- 


ous temperatures and concentrations. 
(V-26) AIR VALVES—Barber-Col- 
man Co. Bulletin F6021, 4 pp. De- 


scribes features of a line of butterfly 
valves for low leakage, high tempera- 
ture, and high pressure applications. 
Has several graphs on throttling char- 
acteristics, leakage, and static pressure 
drop characteristics, plus illustrations. 


(V-27) POSITIVE DISPLACEMENT 
ROTARY PUMPS—Tuthill 
Co. Presents complete data on this line 
of gear pumps, and yives specifications 
and performance characteristics to aid 
in the selection of the pump best suited 
to the individual requirement. In de- 
scribing the pumping principle. it has 
several cross-section and phantom 
views. The information on each type 
of pump is presented in a separate 
section listing the service 
it is best suited, the capacity, packing, 
pump mountings, and pump features. 
Illustrations are shown of each model. 


to 


Product 


VALVES—New York Air | 


Application photos and line | 


Pump | 


which | 


Standard 
AIITEM 
I for Custom 
Applications 


— city CHAR " 
p CAPA $ 





PUN 


yoR MOUNTED A s 
-— — 


Voy 
B 
v 


E 
i 


aisi SO 


POSITIVE DISPLACEMENT 
TYPES 
* from 4 to 60 gin 
200 to 500 rpm: 


Types: available:: 


Reversing 


Non-Reversing 


` Built m d or without 
Automatig Relief Va 


Single or Déuble:Eccel 


V-Belt or Direct Conr 


Tinea ern 


| Company :: 


Pioneer Pump 


Division .: 
14300 Tireman: - Detroit 28, Mich. 
(FACTORY —— Paris, Kentucky) 
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SKINNER INTRODUCES 


A NEWsmauer FOUR-WAY 


SOLENOID VALVE 
for operation of-a double-acting cylinder or two single-acting cylinders 


ea ^ 


I" 


HUE 


/*Fourmost.’ Four, Way Valves 


176 VARIATIONS 


OF CAPACITIES, METERING & TYPES 


The V9 is offered in 3 basic types: 
normally closed, normally open, or 
combination — normally open and 
normally closed. 

Pressures range from 0 to 150 p.s.i. 
With orifices from 34” to %” dia., V9 
models have an exceptionally wide range 
of port locations and metering flow ad- 
justments for Speed Control. 

This series meets Skinner’s highest tra- 
ditions of quality. V9 construction is 
packless, frictionless; there are no 
troublesome sliding seals or close fits. 
Bodies are die-cast zinc; internal parts 
are made of stainless steel. Steel coil 


housing has zinc chromate finish. Coils 
are moisture-resistant, varnish-impreg- 
nated; molded “‘waterproof” coils avail- 
able on request. 


LEAKPROOF 
Bubble-tight shut-off at all ports 


FAST OPERATING 
Up to 5 hundred cycles per minute 


DIRECT ACTING 
Positive spring-loaded operation — NO 
sliding seals—will operate in any position 


DEPENDABLE 
Millions of cycles on most applications — 
without maintenance 


GENERAL SPECIFICATIONS 


Air, inert gases, hydraulic oils 


All pipe connections 4” NPT 


15" NPT Conduit 
Continuous 


All common AC and DC voltages 


TEMPERATURE 


Per Coil — 10 watts 
Both Coils — 20 watts max. 
Minus 65°F. to Plus 150°F. 


Modern production equipment and methods assure immediate 
delivery on stock valves, and highest quality standards. Valves are 
guaranteed for | year against defects in materials or workmanship. 


Uae is 


SKINNER ELECTRIC VALVE DIV., The Skinner Chuck Company, 114 Edgewood Ave., New Britain, Connecticut 
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v5.2 
SHUT-OFF 
2-way 
0-1000 
p.s.i. 


¥10 
HI-PRESSURE 
HYDRAULIC 
2- & 3-way 
0-1000 
p.s.i. 


M2 & M3 
HI-FLOW 
INDUSTRIAL 
2- and $ 
3-way 
5-150 


EXPLOSION 
PROOF 
2- and 
3-way 
0-1000 
p.s.i. 


v2 
MINIATURE 
SHUT-OFF 
2-way 
0-200 
p.s.i. 


v50 
AIRCRAFT 
(Aluminum 
Body) 
2-way 
0-3000 
p.s.i. 


J85 








Send for 
these booklets 


Waterman Valves mean automatic control in your plant. Have positive 


action, low maintenance and regulated unlimited adaptation. 


EODEM ge ae ee oes tee me eee ee ere ee Í 
| NAME | 
| ADDRESS SË: | 4 | 
| CITY STATE | 


| FLOW REGULATORS | 
| SOLENOID VALVES Di 
| UNLOADING VALVES pj ! 
| CHECK VALVES ni 
| MICRONIC LINE FILTERS | 





WATERMAN 


Engineering Company 


725 CUSTER AVENUE EVANSTON, ILLINOIS 


ONLY THREE PARTS 

XX MEETS J.1.c. STANDARDS 
XX GREATER FILTERING AREA 
X SPECIAL TRAP-WEAVE MESH 


CAPITAL HYDRAULIC OIL FILTER 


WITH MONEL METAL INSERT 


-Reservoir Type for Hydraulic and Oil Re-Circulating Machinery 


EASY TO INSTALL * EASY TO CLEAN * LONG LIFE * LOW COST 


SIZES AND SCREENS TO FIT YOUR NEEDS 


CAPITAL picem à retooe 


5835 South Ashland Avenue Chicago 36, Illinois 
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(V-28) FLUID CONTROL COMPO- 
NENTS—Hoke Inc. Catalog 2, 66 pp. 
Contains a complete listing of line of 
small valves, including: needle valves; 
toggle valves; packless valves; special 
purpose; needle valve controls; pre- 
sure regulators; accessories and fittings; 
cylinders; and flo-gages. Has many il- 
lustrations, line drawings, cross-sec- 
tional views, flow curves for air and 
water, and complete specifications for 
all types. 


(V-29) CORROSION RESISTING 
VALVES—Associatel Valve & Engi- 
neering Co. Sections A & E, 28 pp. 
Section A covers the needle valves, and 
Section E the safety and relief valves. 
Lists many types, and includes con- 
struction details, dimensions, and ca- 
pacity tables. 


(V-30) DIFFERENTIAL PRESSURE 


TRANSMITTER —The Swartwout Co. 


Bulletin A-707-A, 4 pp. This unit 
was designed to function with the 
Autronic Controlling and Recording 
System developed by this company. 
This type D2T transmitter is described 
in detail with data on principles of 
operation given. Illustrated with hook- 
up and schematic diagrams, phantom- 
views, and dimensional diagrams. 


(V-31) AIR VALVES AND CLAMPS 
—The A. K. Allen Co. Bulletin, 8 pp. 
Contains informative data on 2, 3, 
and 4-way au valves available for 
cam, hand, or foot operation, and pilot 
timer 3-way or 4-way valves. Also has 
information on: a diaphragm operated 
hold down clamp, which develops a 
force 4 times the line pressure; a side 
clamp with the same features; and a 
knockout clamp. Has photos and line 
drawings of each model. 


(V-32) FITTINGS & _ PIPING 
HANDBOOK. —Ladish Co. Handbook, 
304 pp. Gives detailed dimensional 
data and specifications on a complete 
line of controlled quality seamless 
welding pipe fittings, forged ASA 
flanges, large diameter and TEMA 
flanges, as well as screwed and socket 
welding fittings. Catalog includes a 
56-page technical data section featur- 
ing new easy-to-use allowable stress 
and P/S tables, maximum allowable 
working pressure charts, as well as 
many other tables covering flow 
through orifices, properties of saturated 
and superheated steam, friction loss, 
properties of pipe, pressure-tempera- 
ture ranges, and dimensional tolerances. 
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SUMP TYPE 
(cutaway) 


LINE TYPE 
(cutaway) 


that makes MARVEL SYNCLINAL FILTERS 
American Industrys A-1 Choice 


In the plants of America's industrial giants, as well as in smaller plants, Marvel Synclinal Filters are installed on all types 
of hydraulic and other low pressure liquid circulating equipment. Marvels are chosen because of their excellent perform- 
ance in protecting machines and increasing production by reducing down-time. They are proving again and again, their 
superiority in the one real tet — ON THE JOB! The BALANCED Synclinal Design of Marvel Filters provides 
that all-important balance between maximum ACTIVE filtering area and sufficient storage space for filtered out particles — 
therefore, longer periods of productive operation are attained at the absolute minimum of maintenance. They meet J. I. C. 
Standards. 

Not only plant operators, but also, OVER 475 ORIGINAL EQUIPMENT MANUFACTURERS have recogaized the superi 
ority of Marvel Synclinal Filters and now install them as standard equipment. 

SPECIFY MARVEL SYNCLINAL FILTERS ON NEW EQUIPMENT — 
STANDARDIZE WITH MARVELS ON EXISTING EQUIPMENT 


EASY MAINTENANCE 
Both sump and line types may be easily disassembled, cleaned 
and reassembled by any workman, on the spot, in a matter of 
minutes. Line type operates in any position and may be ser- 
viced without disturbing pipe connections. 


WATER FILTERS 


Both sump and line type filters have been adapted for use 
in all water filtering applications. No changes have been made 
in the basic, balanced synclinal design. 


IMMEDIATE DELIVERY! 


As in the past, Marvel continues to offer IMMEDIATE DE- 
LIVERY. 


A SIZE FOR EVERY NEED 


Available for sump or line installation in capacities from 5 to 
100 G.P.M. Greater capacities may be attained by multiple 
installation (as described in catalog). Choice of monel mesh 
sizes range from coarse 30 to fine 200 


FILTERS FOR NON-FLAMMABLE 
HYDRAULIC FLUIDS 


Marvel's most recent development is a filter for the efficient 
filtration of all types of non-flammable hydraulic fluids. 


Marvel Engineering Company PRE-55 
625 W. Jackson Blvd., Chicago 6, III. 

Without obligation, pleare send me complete engineering data on 
Marvel Synclinal Filters as follows— 


O Catalog £106 for Oil Filters 
] Catalog 7300 for Water Filters 


MARVE L^, ?7 in e ering (many C] Data on filters for non-flammable hydraulie fluids 


T 625 W. Jackson Blvd., Chicago 6, IIl. 


Standards Phone—Franklin 2-4431 
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HERE'S MORE INFORMATION 
TO HELP YOU UNDERSTAND YOUR 


PUMPING PROBLEMS 









"Selecting the Correct Viking Pump in Ten Easy Steps," is a 

ten-page booklet designed to help engineers in choosing the "||| 
right Viking Pump for each applica- 
à tion. This folder is free upon request. 
| If you would like to have one or more 
| copies write today for Bulletin TS-6X. 


VIKI ING PUMP COMPANY 


CEDAR FALLS, IOWA 






AN HONORED NAM 
|... N PUMPING 








RUTHMAN 
GUSHER 


COOLANT 
PUMPS 


This Hardinge Model HCT Chucking Ma- 


SOLVE 
YOUR n e iter CS Paar 
COOLANT PROBLEMS 


For all your coolant pump require- 
ments, there's a type and capacity 
Gusher Coolant Pump to meet your 


every need. 
You can choose between immersed 


type, outside mounted pipe connected, 
flange mounted with external or in- 


ternal discharge in capacities up to 
200 G.P.M.—1/30 to 2 H.P. Shaft and 


belt driven models also available. 
Write for our complete catalog. 


THE RUTHMAN) MACHINERY CO. 


1817 READING ROAD . OC «CINCINNATI 2, OHIO 








Catalogs and Bulletins continued 


(V-33) SERVO VALVES—The Moog 
Valve Co., Inc. Bulletin 500, 4 pp. 
Has data on the model 500 valve 
series, a line of proportional-type, elec- 
trically actuated, hydraulic 4-way 
valves featuring high dynamic per- 
formance. Will control any output 
flow from 0.5 to 8.0 gpm in systems of 
from 1,000 to 3,000 psi. Data cover 
application, design, and specifications. 
Also has cutaway view and perform- 
ance curves. 


(V-34) SELF-ALIGNING SWIVEL 
JOINTS—Barco Mfg. Co. Catalog 
265-A, 12 pp. Engineering da:a, possi- 
ble application data, piping arrange- 
ments, and photos and cross-sectional 
views of different types of joints are 
included. Construction permits rota- 
tion plus side flexing in any direction 
up to 10 degrees. Fourteen styles and 
8 sizes from 1⁄4 to 2 in. for tempera- 
tures from — 50 to 600 F, and pres- 


sures from vacuum to 60 psi steam or 
3,000 psi hydraulic. 


(V-35) FLUID POWER EQUIP- 
MENT—tThe Oilgear Co. Bulletin 
10051-C, 12 pp. Illustrates and de- 
scribes a complete line of fluid power 
pumps, motors, transmissions, cylin- 
ders, and valves. Features variable and 
constant delivery pumps for operation 
at higher speeds, a line of smal! (1 hp) 
variable pumps, and a new line of con- 
stant delivery duplex pumps for pres- 
sures up to 5,000 psi. Has many cross- 
sectional views, photos, and specifica- 
tion charts. 


(V-36) MULTI-STAGE PUMPS— 
Peerless Pump Div., Bulletin B-1400, 
12 pp. Illustrations, engineering data, 
and specifications for a line of 2, 3, 4, 
and 5-stage split-case pumps. The 
2-stage have capacities to 3,000 gpm 
and head ranges to 800 ft.; The 3-stage 
have capacities to 1400 gpm and heads 
to 950 ft.; The 4-stage have capacities 
to 900 gpm and heads to 1600 ft., and 
the 5-stage have capacities to 300 gpm 
and heads to 1550 feet. 


(V-37) HYDRAULIC PUMPS—The 
N. Y. Air Brake Co. Bulletin DP-300, 
8 pp. Points out features and gives se- 
lection data for the complete line of 
dual-vane hydraulic pumps. Includes 
technical drawings, cutaway views, and 
performance data charts to illustrate 
the features of the pumps. These 
single-stage, vane type pumps permit 
continuous operation over a range 
pressures up to 2,000 psi. 
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|) AA obereting VALVES 


, for the Efficient Application and Precision Control of 
AIR and 


NOPAK Operating VALVES 


— Hand, Foot, Solenoid, Pilot and Reciprocating Types 


NOPAK Non-Rotating CYLINDERS 


are available in various classes of construction, 6 
The NOPAK Valves illustrated are only a part of 
the complete NOPAK line. For.detailed descriptions 


standard mountings, cushioned and non-cushion- 


ed. See Catalogs 101, 103, 104 and Bulletin SW-3 


CLASS 1 — Tubing and Tie- 
Rod Construction for air or 
hydraulic service" at line 
pressures up to 150 psi. 
Available in 6 standard 
mountings. (* Water hydraulic 
applications in all classes re- 
quire chrome plated piston 
and cushion sleeves) See 
Catalog 101. 


CLASS 2 — Identical to Class 
| except that the tubing is 
recessed into the cylinder 
heads, seated on fibre gas- 
kets. *For air or hydraulic ap- 
plications at line pressures 


from 150 to 500 psi. See Cat- 


CLASS M — Mill Type Con- 
struction. Rugged steel tubing 
with welded flanges mini- 
mizes possible exterior dam- 
age. For all heavy-duty ap- 
plications at line pressures 
up to 650 psi. for diameters 
of 4" or less; 450 psi. for 
diameters of 4'A" or more. 
6 mountings. See Catalog 101. 


CLASS 3 — Series 1000 — 
Compact Tie-Rod Construc- 
tion. Now in development. 
For air and hydraulic line 


pressures up to 1000 psi. To 
be described in Catalog 103. 


CLASS 4 — Series 2000 — 
High Pressure Hydraulic. 
Heavy gauge steel tubing 
with locking flanges. For oil 
or water hydraulic service at 
line pressures up to 2000 
psi. Available in 5 standard 
mountings. Described in Cat- 


alog 104. 


and data, see Catalog 102 or Bulletin SW-3 


3- AND 4-WAY HAND 
VALVES actuate single or 
double-acting cylinders at air 
or hydraulic line pressures 
to 250 psi. Precision lapped 
seal eliminu’~« ~~cking, ex- 
tends valve life. Disc rotating 
at right angle to stream flow 
permits throttling or immedi- 
ate opening to full pipe area. 


FOOT VALVES — Available 
in 3 cycles for various con- 
trol needs. All incorporate 
basic NOPAK Features: — 
Rotary Cored Disc design, 
packless-construction and pre- 
cision lapped sealing sur- 
faces which improve with use. 


MODEL “V” VALVES — Pilot 
or Solenoid Operated—Type 
AR (automatic return), illus- 
trated, is operated by pilot 
pressure, by means of pilot 
poppets or solenoid. Type R 
(reciprocating) is reversed by 
pilot action, See Catalog 102, 
or Bulletin SW-3., 


RECIPROTROL VALVE — Per- 
mits continuous automatic re- 
ciprocation of cylinder. Pre- 
setting determines stroke 
speed and length, location 
of fractional stroke within full 
stroke length. 


BALANCED HIGH PRESSURE 
VALVES — for precision con- 
trol of high pressure hydrau- 
lic cylinders. Because inside 
pressure is equalized, valve 
never becomes locked in one 
position. Open and closed 
center types for oil hydraulic 


pressures to 2000 psi. 


GALLAND-HENNING NOPAK DIVISION 
LL 2753 S. 31st St. Milwoukée 48, Wis. 


m -— € — Phone Mitchell 5-6000 * 
ALVES AND CYLINDERS Representatives in Principal Cities 


DESIGNED for AIR and HYDRAULIC SERVICE 
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Catalogs and Bulletins continued 
(V-38) AUTOMATIC CONTROLS 


—Penn Electric Switch Co., Bulletin 
1534-K, 20 pp. Illustrating and giving 
specifications for each type of control 
for pumps and air compressors, it 
covers: aid volume controls for deep 
and shallow well; contactors; float con- 
crols for closed and open tank; flow 
controls; pressure controls; starters; 


unloaders; and vacuum controls. 


(V-39) TEMPERATURE & PRES- 
SURE RELIEF VALVES—A. W. Cash 
Valve Mfg. Corp., Booklet, 16 pp. Dis- 


cusses such points as: pressure re! <f 
valves; temperature relief valves; com- 
bination types; location 2nd installa- 
tion; different types of construction; 
capacity and size; settings. Also in- 
cludes a list of twenty-five do's and 
don'ts for relief value uses. Has many 
illustrations and charts. 


(V-40) HYDRAULIC COMPO. 
NENTS—The Hydraulic Press Mfg. 
Co. Set of 9 catalogs. Includes data on: 
pumps, motors and power units; 150 
psi air or 300 psi oil hydraulic cylin- 
ders; 2,000 psi cylinders; 3000 psi 
valves, flange connections; 3,000 psi 
valves with gasket mountings; such 
accessories as filters, gages, pressure 





ILLUSTRATED CATALOGS SENT ON REQUEST 





The A. K. ALLEN CO. 


57 MESEROLE AVENUE 
BROOKLYN 22, NEW YORK 


AGENTS IN PRINCIPAL CITIES 


J90 


POSITIVE LOCK FEATURER 





switches, weld-type flanges, heat ex- 
changers, slip-joints; and an engineer- 
ing manual on hydraulics. 


(V-41) DIAPHRAGM MOTOR 
VALVES —- Minneapolis-Honeyweli 
Regulator Co. Bulletin 362, 12 pp. 
Describes the series 362 line of di- 
aphragm motor valves for on-off or 
narrow band proportional control. 
Gives complete specifications for both 
type 26 single seated and type 27 


bellows sealed valves. Has many illus- 
trations and cross-sectional views. 


(V-42) AIR POWERED PUMPS— 
Milton Roy Co. Bulletin 1053, 16 pp. 


Shows how these controlled volume 
pumps are used to solve low-capacity 
flow control problems. Contains: pump 
operating principles, capacity-pressure 
and air-consumption tables, and ex- 
amples of complete systems. Included 
are many cross-sectional views. 


(V-43) METAL “O"-RINGS—United 
Aircraft Products, Inc. Bulletin 54391, 
20 pp, deals with vented and standard 
"O" sealing rings and their various 
industrial applications where they are 
used for static sealing of high and low 
pressures and temperatures. Illustrates 
typical points of installation of these 
rings in several products. 





ALSO AVAILABLE: 
ALLENAIR VALVES & CLAMPS 


CYLINDERS 


+ WATER 
e L.P. HYDRAULIC 


* AIR 





continued 
(V-44) UNIONS, CHECK VALVES 


— Catawissa Valve & Fittings Co 
Catalog 11, 24 pp, contains engineer- 
ing deta and specifications on hot 
forged steel pipe unions and swing 
check valves. In addition, full alloy 
and full stainless steel unions are de- 
scribed. A special section is devoted to 
double-start unions, which are said to 
provide 280 percent faster opening 
and closing by virtue of their double- 
start threads. 


(V-45) SOLENOID VALVES—Pan- 
tex Mfg. Corp. Bulletin 55, 6 pp, covers 
a line of % in. solenoid-controlled, 
pilot-operated, four-way valves. Models 
described include true open-center 
valves of hollow spool construction and 
have an operating range from 100 to 
5000 psi and are interchangeable, 
mounting and port wise, with many 
2000 and 3000 psi-valves. Three basic 
types are available with a fotal of 24 
variations made possible through the 
use of two different sub-plates and six 
spool types. 


Catalogs and Bulletins 


(V-46) RUBBER "O" RINGS— 
Goshen Rubber Co. This 12-pp bro- 
chure gives detailed information on 
compounds, groove dimensions and 
sizes. Also contains diagrams of typical 
applications 


(V-47) AIRCRAFT FLUID PRES- 
SURE SWITCHES—Aircraft Controls 
Co., Div. of Gorn Electric Co. Bulletin 
101, 4 pp; describes both metallic 
diaphragm and metallic bellows types 
of fluid pressure switches, all of which 
meet basic Army, Navy, and Air Force 
standards. Pressure, high lowi and dif- 
ferential pressure, altitude and other 
special purpose types are included, 
together with float switches. 


(V-48) AIR & HYDRAULIC 
CYLINDERS—Lindberg Engineering 
Co. Bulletin 800. Describes the stand- 
ard line of heavy duty air and hydrau- 
lic cylinders along with the features of 
each. Data on large, special custom 
built heavy duty air and hydraulic 
cylinders are also included. 


(V-49) OIL POWER FLUID MO- 
TORS—Sundstrand Machine Tool 
Co., Bulletin 113-2, 8 pp. Information 
on a line of oil power fluid motors for 
converting oi! under pressure to rotary 
motion. With many colored cross-sec- 
tion views, the operating principles are 
described. Typical circuits are shown, 
and performance data are given. 
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